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The  structure  was  closed  for  two  days  before  burner  startup  during 
data  on  pressure  •  air  flow  and  the  HD  concentration  in  the  air  of 
structure  were  collected.  When  the  burner  was  started,  the  real 
Ltoring  data  of  the  air  indicated  that  volitilization  of  HD  and/or 
products  occured.  This  was  confirmed  by  bubbler  data.  The 
volitilization  reached  a  peak  about  40  minutes  after  the  burner  was  fired, 
then  diminished  to  background  level  approximately  8  hours  later. 

The  air  temperature  inside  the  test  structure  was  raised  in 
increments  each  hour  to  750  F,  until  all  points  on  the  building  had  reached 
300  F  for  one  horn*.  It  took  35  hours  from  the  start  of  the  test  to  reach 
this  condition.  Cooldown  to  less  than  105  F  took  38  hours,  for  a  total 
testing  time  of  73  hours. 

[  After  cooldown,  the  test  structure  was  opened  and  photographed, 
samples  were  collected  and  analyzed.  No  sample  subjected  to  the  hot 
3ss  showed  HD  above  the  theoretical  detection  limits  which  indicates 
lot  gas  process  is  effective  for  removing  HD  from  these  materials. 
>Ihe  results  of  this  study  indicate  that  the  hot  gas 
decontamination  concept  is  a  promising  technology  for  the  decontamination  of 
buildings  and  large  pieces  of  equipment  in  the  field.  However,  it  is 
recommended  that  improved  methods  be  developed  to  sample  and  analyze  agent 
from  the  suface  of  painted  and  unpainted  concrete.  It  is  also  recoranended 
that  air  sampling  techniques  be  used  that  are  not  affected  by  water 
emanating  from  the  concrete  during  the  process. 
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EXECUTIVE  SUMMARY 


The  Army  is  the  custodian  of  many  buildings  that  have  been  contaminated 
during  the  manufacture,  storage,  and  demilitarization  of  chemical  warfare 
agents  and  munitions.  Before  the  buildings  can  be  reused,  declared  excess  or 
torn  down  safely,  they  must  be  processed  to  remove  residual  contamination. 

The  Army  has  embarked  on  a  multi -phase  program  entitled  "Development  of 
Novel  Decontamination  Techniques  for  Chemical  Agent  (HD,  GB  and  VX) 
Contaminated  Facilities".  The  goal  of  this  program  is  to  develop  new 
technologies  to  decontaminate  buildings  and  large  equipment  contaminated  with 
chemical  agents.  In  Phase  I,  “Identification  and  Evaluation  of  Concepts",  65 
concepts  were  evaluated  to  address  the  problem.  In  Phase  II,  "Laboratory 
Evaluation  of  Novel  Agent  Decontamination  Concepts",  seven  concepts  from  the 
Phase  I  study  were  tested  for  their  ability  to  remove  controlled  amounts  of 
chemical  agents  from  samples  of  building  materials  to  levels  below  detection 
limits.  Based  on  effectiveness,  reliability,  waste  product  characteristics, 
possible  hazards  and  approximate  cost,  three  decontamination  concepts  (hot 
gas,  steam,  and  1-octylpyridium  4-aldoxime  bromide,  or  OPAB)  were  selected  for 
further  engineering  evaluation.  Both  the  steam  and  hot  gas  processes 
penetrated  porous  materials  such  as  concrete  and  appeared  promising  for 
building  decontamination.  The  hot  gas  decontamination  concept  was  found  to  be 
the  most  cost  effective,  and  was  recommended  for  further  evaluation  in  a  pilot 
test  in  the  third  phase  of  the  program. 

"Advanced  Development  and  Field  Testing  of  Novel  Processes  Technologies 
to  Decontaminate  Chemical  Agent  Contaminated  Facilities"  fs  Phase  III  of  the 
Novel  Processes  program.  Task  1  in  Phase  Ill  is  the  first  .atge-scale  test  o? 
the  hot  gas  process  for  effectiveness  in  decontaminating  agent -contaminated 
building  materials.  The  portion  of  the  Task  1  test  program  conducted  at 
Ougway  Proving  Ground  (OPG)  is  the  subject  of  this  report  which  comprises  two 
volumes.  The  results  of  the  analytical  and  sampling  methods  verification 
studies  the  design  of  the  test  structure  and  the  pilot  test  are  reported  in 
this  volume.  Volume  2  is  an  appendix  that  contains  all  of  the  data  generated 
during  the  pilot  test.  The  results  of  other  activities  completed  as  part  of 
Task  1,  including  an  analysis  of  regulations  that  may  be  applicable  to  the 


field  operation  of  the  hot  gas  process,  a  preliminary  economic  analysis  of 
the  process  supplied  to  larger  structures,  and  the  results  of  a  field  sampling 
survey  at  Rocky  Mountain  Arsenal  (RMA)  are  detailed  in  separate  letter 
reports. 

In  Task  1,  the  hot  gas  decontamination  process  was  used  in  a  pilot  scale 
study  to  determine  its  effectiveness  in  removing  a  controlled  amount  of 
chemical  agent  mustard  (HD)  from  a  small  test  structure  with  walls  made  from 
poured  concrete,  solid  and  hollow  concrete  blocks,  and  from  mild  steel. 
Portions  of  each  wall  were  painted  and  unpainted.  The  test  structure  and 
burner  system  were  located  in  an  environmentally  controlled  test  chamber  and 
were  controlled  remotely.  Coupons  of  painted  and  unpainted  concrete  and  steel 
were  mounted  on  the  inside  of  the  test  structure  and  two  areas  on  the  floor 

were  spiked  with  low  quantities  (4mg/square  inch)  of  HD  to  simulate  conditions 

in  a  building  decontaminated  to  meet  3x  criteria  (defined  in  DARCOMR  385-31 
and  DARCOMR  385-102).  Pre-test  blanks  and  spike  samples  were  collected  and 
analyzed  in  accordance  with  methodology  developed  in  the  laboratory  for 
extracting  HD  from  pulverized  concrete,  from  soil,  and  from  painted  and 
unpainted  concrete  and  steel  surfaces. 

The  structure  was  closed  for  two  days  before  burner  startup  during  which 
time  data  on  pressure,  air  flow  and  the  HD  concentration  in  the  air  in  the 
test  structure  were  collected.  When  the  burner  was  started,  the  real  time 

air  monitoring  data  indicated  that  volatization  of  HO  and/or  HD  breakdown 

products  occurred.  This  was  confirmed  by  bubbler  data.  The  volatization 
reached  a  peak  about  40  minutes  after  the  burner  was  fired,  then  diminished  to 
background  level  approximately  8  hours  later. 

The  air  temperature  inside  the  test  structure  was  raised  in  increments  to 
750°F  until  all  points  monitored  on  the  building  had  reached  300°F  for  one 
hour  attaining  this  condition  required  35  hours.  Cooldown  to  less  than  105°F 
required  38  hours  for  a  total  test  duration  of  73  hours. 

After  cooldown,  the  test  structure  was  opened  and  photographed,  and  all 
samples  were  collected  and  analyzed.  Results  of  the  analyses  indicated  that 
no  HD  above  the  detection  limits  were  found  in  the  samples  of  building 


no  HD  above  the  detection  limits  were  found  in  the  samples  of  building 
materials  subjected  to  the  hot  gas  process. 

The  results  of  this  study  indicate  that  the  hot  gas  decontamination 
concept  is  a  promising  technology  for  the  decontamination  of  buildings  and 
large  pieces  of  equipment  in  the  field.  However,  it  is  recommended  that 
improved  methods  be  developed  to  sample  and  analyze  agent  from  the  surface  of 
painted  and  unpainted  concrete.  It  is  also  recommended  that  air  sampling 
techniques  be  used  that  are  not  affected  by  water  emanating  from  the  concrete 
during  the  process. 
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1.0  INTRODUCTION 


The  U.S.  Army  owns  many  facilities,  which  may  include  buildings  or  large 
items  of  equipment,  that  have  been  used  in  the  manufacture,  processing, 
loading,  storage  and  destruction  of  chemical  warfare  agents.  These  operations 
involve  permanent  facilities  and  a  variety  of  process  and  handling  equipment. 
.As  part  of  their  responsibilities  in  DoD  property  disposal,  USATHAMA  must 
identify,  contain  and  eliminate  toxic  and  hazardous  materials  at  facilities 
that  have  been  declared  excess  or  are  candidates  for  excessing.  With  this 
mandate,  USATHAMA  must  provide  not  only  the  technical  basis  to  implement 
decontam. nation  but.  also  the  standards  to  ensure  that  decontamination  has  been 
effective. 

The  only  currently  approved  method  of  decontaminating  materials  so  that 
they  can  be  released  from  government  control  is  incineration  at  a  temperature 
of  1000°F  for  15  minutes.  Materials  exposed  to  such  conditions  are  described 
as  havina  attained  U5X"  status  and  are  defined  as  suitable  for  unrestricted 
use  (DARCOMR  385*102,  1982).  However,  the  expense  required  to  accomplish  such 
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decontamination  is  excessive.  The  successful  development  of  an  alternative 
decontamination  technique  which  would  not  require  the  dismantling  of  a 
facility  and  which  would  result  in  a  5X  decontamination  status  rating  (or  its 
equivalent)  without  incineration  represents  a  potentially  large  cost  savings 
to  the  Government.  Many  facilities  that  have  been  contaminated  with  chemical 
agents  are  structurally  sound  and  it  would  be  most  desirable  to  decontaminate 
such  facilities  by  a  process  that  would  not  damage  structural  integrity.  Free 
from  chemical  agent  contamination,  the  facility  could  be  reused  or  excessed 
with  substantial  cost  savings. 

USATHAMA  has  instituted  the  multi -phase  Novel  Process  Technologies 
program  to  investigate  ways  to  decontaminate  buildings  and  other  structures  in 
the  field.  Phase  I  and  I)  were  concept  development  and  laboratory  evaluation 
studies  of  methods  fo.  decontaminating  building  materials  (see  section  2.0). 
The  hot  gas  decontamination  concept  was  chosen  as  the  most  effective  remover 
of  chemical  agent  from  a  variety  of  materials  as  well  as  the  most  cost 
effective  out  of  65  concepts  evaluated. 

As  part  of  Phase  III,  in  which  the  novel  process  technology  is  to  be 
adapted  to  the  field,  Battelle  Columbus  Laboratories  was  tasked  by  USATHAMA  to 
perform  an  experimental  large-scale  pilot  test  using  the  hot  gas  process  to 
remove  controlled  amounts  of  agent  mustard  (HD)  from  a  small  test  structure 
with  walls  made  of  poured  concrete,  solid  and  hollow  concrete  block,  and  from 
mild  steel.  Surfaces  were  both  painted  and  unpainted.  A  propane  burner  was 
attached  to  a  port  in  the  test  structure,  and  heated  air  was  blown  into  the 
test  structure  and  exhausted  through  a  charcoal  filter.  The  test  structure 
and  burner  system  were  located  in  an  environmentally  controlled  test  chamber 
and  were  controlled  remotely.  Coupons  of  painted  and  unpainted  concrete  and 
steel,  mounted  on  the  inside  of  the  test  structure,  and  two  areas  on  the 
concrete  floor  were  spiked  with  approximately  4mg/square  inch  of  HD.  Pre-test 
blanks  and  spike  samples  were  collected  and  analyzed  in  accordance  with 
methodology  developed  in  the  laboratory  for  extracting  HD  from  pulverized 
concrete,  from  soil,  and  from  painted  and  unpainted  concrete  and  steel 
surfaces. 


The  results  of  the  analytical  and  sampling  methods  verification  studies 
and  the  pilot  test  Itself  are  reported  in  this  volume.  Volume  two  is  an 
appendix  that  contains  ail  of  the  data  generated  during  the  pilot  test  at 
Dugway  Proving  Ground  (DPG). 


2.0  BACKGROUND 


Phase  I,  "Identification  and  Evaluation  of  Concepts",  was  performed  by 
datteile  Columbus  Division  (BCD)*.  Sixty-five  concepts  were  generated  and 
described  in  sufficient  detail  to  permit  their  evaluation  against  the  criteria 
of  mass  transfer,  destruction  efficiency,  safety,  damage  to  structures, 
penetration  depth,  applicability  to  complex  structures,  operating  costs, 
capital  costs,  and  waste  treatment  costs  (Table  2-1).  Seven  of  the  most 
promising  concepts,  which  included  Hot  gases,  Steam,  N-Octyl -pyridinium  4- 
aldoxime  bromide  (OPAB),  Monoethanol oamine  (MEA),  FREON  113  Vapor 

Circulation,  Ammonia  Gas  or  Ammonia  Steam,  and  Flashblast  were  recommended 
for  further  study  in  Phase  II,  "Laboratory  Evaluation  of  Novel  Agent 
Decontamination  Concepts". 

The  laboratory  study,  also  pei formed  by  BCD,  was  designed  to  evaluate 
experimentally  the  concepts  selected  from  Phase  I  and  to  recommend  one  to 
three  of  the  most  promising  concepts  for  f i aid  evaluation  in  Phase  III**.  The 
ideal  concept  sought  was  a  single  decontamination  process  that  would 
effectively  decontaminate  building  materials  such  as  concrete  and  steel  and 
remain  cost  effective.  Laboratory  evaluation  included  testing  the 
effectiveness  of  the  seven  concepts  in  decontaminating  progressively  more 
complex  substrates:  first,  from  glassware,  then  from  unpainted  stainless 
steel  coupons,  and  finally  from  painted  and  unpainted  mild  -teel,  painted 
stainless  steel  and  concrete  coupons. 


*H.  P.  Benecke,  et  al.,  Development  of  n.ove1  decontamination  and  inerting 
techniques  for  explosives  contaminateo  facilities,  Phase  I:  Identification 
and  evaluation  of  novel  decontamination  concepts,  Battelle  Columbus  Division 
to  U.S.  Army  Toxic  and  Hazardous  Materials  Agency,  Report  DRXTH-TE-CR-83211 , 
duly,  1983. 

**E.  R.  Zamejc,  et  al..  Development  of  no**ei  decontamination  ard  inerting 
techniques  for  chemical  agents  (GB,  VX,  HD)  contaminated  facilities,  Phase 
II*  Laboratory  evaluation  of  novel  agent  decontaminatic  .  concepts,  Battelle 
Columbus  Division  to  U.S.  Army  Toxic  and  Hazardous  Materials  Agency,  Report 
AMXTH-Tt-TR-85012,  LI  dune,  1985. 


TABLE  2-1.  AGENT  DECONTAMINATION  CONCEPTS  EVALUATED  DURING  PHASE  I 
(from  the  Phase  II  Final  Report) 


CHEMICAL 

OCTYL  PYR101NIUM  4-AL00XIME  BROMIDE  (0PA8) 
OS 2  (A) 

CO-1  (8) 

SUPERTROPICAL  BLEACH  (STB) 

ALL  PURPOSE  OECONTAMINANT  (APO)  (C) 

HONOETHANOL AMINE 

GAMMA  RAOIATION 

NITRIC  ACIO 

AmjNIUM  HYOROXIOE 

hypcchlorites 

OANC 

GASEOUS  AMINES 

CHLORINE 

STEAM 

AMMONIA/STEAM 

PERCHLORYL  FLUOR  I OE 

GERMAN  EMULSION 

HYOROXAMIC  AC I OS 

SOOIUH  HYOROXIOE  SOLUTION 

OIMETHYLSULFOXIOE 

HACROCYCLIC  ETHERS 

PROPIONYL  FLUOR I0E 

PMENQLS/CATECHCLS 

CARBONATE/BICARBONATE  SOLUTIONS 

CHLORITE  SOLUTIONS 

CHLORINE  OIOXIOE 

NITROGEN  TETROXI0E 

BORON  TRIFLUQRIOE 

OZONE 

SULFUR  BICHLORIDE 
UY/OZONE 

ULTRASONIC  DECOMPOSITION 
COPPER  UGANOS 

VANADIUM  CATALYZEQ  MYOROIVSIS 
ANTHRANILIC  ACtO-SILVER  COMPlEXATION 
MAGNESIUM  HYOROXIOE  IMPREGNATED  ALUMINA 
CQKPLEXATIGN  WITH  MQLY80ENUM  LldANO 
PERBORATES 

MICROBIAL  DEGRADATION 
PERMANGANATE  SOLUTIONS 
ENZYME  PROTEINS 
SOOIUM  SULFtGE 


PHYSICAL/EXTRACTION 

SURFACTANTS 
STRIPPABLE  COATING 
VAPOR  CIRCULATION 
SOLVENT  CIRCULATION 
SUPERCRITICAL  FLU  I  OS 
UL MASONIC  EXTRACTION 


PHYSICAL/ABRASIVE 

HYOROBLASTING 

ACIO  ETCH 

SANDBLASTING 

DEMOLITION 

VACU-8LASTING 

CRYOGENICS 

SCARIFICATION 

ELECTROPOUSHING 

DRILL  ANO  SPALL 


THERMAL 

FLASHBLASTING 

HOT  PLASMA 

MICROWAVE  HEATING 

FLAMING 

HOT  GASES 

SOLVENT  SOAK/BURN 

INFRARED  HEATING 

CARBON  OIOXIOE  LASER 

ELECTRICAL  RESISTANCE  CONTACT  HEATtNG 


Aj  STatu'C  of  ?0  weight  percent  liethy lenetriamine,  28  weight  percent 
methyl  cellosolve  and  2  weight  percent  sodiua  hydro* ide. 

8)  Mixture  of  55  volume  percent  mot'oeth.jnol  amine.  45  volume  percent  propylene 
glycol  and  2.5  weight  percent  lithium  hydroxide. 

C)  Mixture  of  54  weight  oercent  monwethanolamine,  44  weight  percent 
Isopropanol  amine  and  2.5  weight  percent  lithium  hydroxide. 
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The  hot  gas  concept,  In  which  a  temperature  of  300°F  was  maintained  for 
60  minutes,  was  found  most  effective  in  decontaminating  HD,  GB,  and  VX 
contaminated  painted  and  unpainted  steels  and  porous  materials.  In  the  hot  gas 
process,  the  interior  of  a  building  Is  heated  by  hot  exhaust  gases  from  a 
combustion  device  located  outside  the  building.  As  the  temperature  is 
increased,  the  chemical  agents  and  their  decomposition  products  are 
volatilized  from  the  structure  and  the  exhaust  gases  are  filtered  or  passed 
through  an  afterburner. 

The  steam  decontamination  concept  and  the  OPAB  decontamination  concept 
were  also  effective,  but  the  engineering  analysis  indicated  OPAB  would  be  less 
effective  than  either  steam  or  hot  gas.  An  economic  analysis  of  the 
recommended  concepts  indicated  that  the  hot  gas  concept  would  be  more 
economical  to  use  than  the  steam  concept.  Based  on  these  results,  Battel le 
and  USATHAMA  selected  the  hot  gas  decontamination  concept  for  field 
evaluation  in  this  first  task  of  Phase  III,  “Field  Testing". 


7 


3.0  OBJECTIVES 


The  main  objective  of  the  hot  gas  decontamination  pilot  program  was  to 
further  test  the  feasibility  of  the  hot  gas  process  before  attempting  full- 
scale  implementation.  The  objectives  of  Task  1,  Phase  III  are  as  follows: 

1.  Demonstrate  the  feasibility  of  the  hot  gas  process  in  pilot-scale 
decontamination  tests  of  an  actual  contaminated  structure,  room,  or 
sump.* 

2.  Verify  and/or  develop  analytical  and  sampling  techniques  for  agents 
on  or  in  field  building  materials,  soils,  water,  etc. 

3.  Determine  visually  the  effects  of  the  hot  gas  process  on  actual 

structures  and  representative  materials. 

4.  Identify  contamination  levels  and  profiles  in  field  structures 

(results  to  be 

reported  in  a  separate  letter  report,  December,  1987). 

5.  Obtain  data  for  use  in  satisfying  regulatory/safety  agency 

requirements  for  application  and  validation  of  a  decontamination 
process  (results  to  be  reported  in  a  separate  letter  report, 
December,  1987). 

6.  Confirm/refine  the  assumptions  made  in  previous  engineering  and 

economic  evaluations  such  that  a  detailed  design  of  a  full-scale 
process  can  be  made  (results  to  be  reported  in  a  separate  letter 
report,  January,  1988). 


♦USATHAHA  originally  envisioned  a  pilot  test  on  a  structure  in  the  field  at  an 
instigation.  However,  after  a  site  selection  review  by  USATHAMA  was 
conduc'd,  it  was  decided  that  a  pilot  test  conducted  on  a  specially 
consisted  test  structure  spiked  with  chemical  agent  in  a  controlled 
environment  would  be  more  appropriate  for  the  first  large  scale  pilot  testing 
of  this  process  involving  chemical  agents. 
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4.0  TECHNICAL  APPROACH 

Task  1  Included  the  development  cf  sampling  and  analytical  methodologies 
for  field  contaminated  facilities,  limited  sampling  of  existing  field 
facilities,  and  the  design  and  operation  of  *  pilot-scale  not  gas 
decontamination  system. 

Mustard  (HD)  was  the  chemical  agent  of  Interest  in  the  Task  1  program. 
This  agent  was  selected  because  of  indications  in  previous  laboratory  work 
(Phase  II)  that  HD  was  the  most  readily  recoverable  from  concrete  of  the 
common  chemical  agents.  This  made  HD  most  suited  to  the  objectives  of  the 
task.  The  methods  development,  field  survey  and  pilot  test  were  all  designed 
with  HD  as  their  focus. 


4.1  Subtask  Review 

The  work  for  this  task  was  organized  into  the  following  nine  subUsks, 
each  comprised  of  several  activities: 

Subtask  1  —  Task  Management 

Subtask  2  -•  Phase  II  Design  Review 

Subtask  3  --  Analytical/Sampling  Methodology 

Subtask  4  --  Field  Survey 

Subtask  5  —  Pilot  System  Design  and  Fabrication 

Subtask  6  —  Test  Plan 

Subtask  7  —  Procedures  and  Documentation 

Subtask  8  —  Pilot  Test 

Subtask  9  —  Draft  Report 


In  Subtask  2,  Design  Review,  knowledge  gaps  in  the  Phase  II  report  were 
identified,  pilot  test  parameters  were  identified  (see  section  4.2)  and 
preliminary  outlines  of  the  test  structure  and  pilot  test  design  ware  made. 
The  Subtask  2  report  was  submitted  to  USAIHAKA  in  Nay,  1986,  and  is  included 
in  Appendix  A. 
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In  Subtask  3,  Analytical/Sampling  Methodology,  field  sampling  methods 
were  developed  for  retrieving  HD  from  steel  and  concrete  surfaces  and  from 
concrete  at  depth.  Analytical  methods  were  verified  for  extracting  HD  from 
pulverized  concrete,  soils,  and  swab  samples  collected  from  painted  and 
unpainted  steel  and  concrete  surfaces.  Section  8.4.1  contains  a  brief  summary 
of  the  results  of  those  studies  as  applied  to  the  pilot  test  operation.  A 
more  detailed  account  of  the  methods  verification  and  sampling  method 
development  is  given  in  the  Subtask  3  report  which  was  submitted  to  USATHAMA 
in  August,  1986  and  is  included  in  Appendix  B. 

The  objective  of  Subtask  4,  Field  Survey,  was  to  determine  levels  of 
contamination  of  HD  in  actual  buildings  that  could  be  candidates  for  the  hot 
gas  decontamination  process.  A  field  sampling  of  a  hot  gas  stream  from  a 
potentially  contaminated  concrete  pit  in  Building  537  of  the  Rocky  Mountain 
Arsenal,  Colorado  (RMA),  was  conducted  in  May,  1987,  as  part  of  this  subtask. 
Results  of  this  operation  are  summarized  in  a  separate  letter  report 
(Scheduled  November,  1987). 

Subtask  5,  Pilot  System  Design  and  Fabrication,  included  initial  design 
of  the  system,  drawings  of  the  system  setup  (submitted  to  USATHAMA  in  August, 
1986),  fabrication  of  the  test  structure,  and  instrumentation  setup  and 
checkout  (see  sections  5  and  6  of  this  report). 

Subtask  5,  Test  Plan,  was  the  operational  guide  for  the  pilot  test.  It 
is  provided  in  this  report  as  Appendix  C, 

Subtask  8  was  the  pilot  test  operation  itself,  which  is  detailed  in 
section  7  of  this  report.  Results  of  the  pilot  test  are  described  and 
discussed  in  section  8. 

The  objective  of  Subtask  7,  Procedures  and  Documentation,  was  to  gather 
and  analyze  federal,  state,  and  Army  regulations  that  would  impact  the 
application  of  the  hot  gas  decontamination  process  to  the  field.  Results  of 
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this  analysis  of  safety  and  environmental  regulations  are  reported  In  a 
separate  letter  report  (Scheduled  December,  1987). 

Subtask  9,  Draft  Report,  included  a  summary  of  all  preparation  and 
results  of  the  pilot  test.  A  preliminary  economic  analysis  of  the  application 
of  the  hot  gas  process  to  field  structures  was  also  performed  as  part  of  this 
subtask.  This  analysis  is  reported  separately  in  a  letter  report  (Scheduled 
January,  1988). 


4.2  Pilot  Test  Parameter  Selection 


The  original  task  order  called  for  the  pilot  test  to  be  performs,  on  an 
existing  field  structure  at  an  installation,  but  after  a  site  review  by 
USATHAMA,  it  was  determined  that  an  intermediate  step--changing  from  a  field 
test  on  an  existing  structure  to  a  scaled-up  laboratory  test--would  provide 
more  control  of  the  environment  and  test  parameters.  Thus,  the  approach  was 
changed.  The  pilot  test  was  subsequently  performed  on  a  small  fabricated  test 
structure  comprised  of  a  variety  of  building  materials  spiked  with  HD  and 
decontaminated  in  an  environmental  test  chamber.  Pretest  spiked  samples  and 
post  test  samples  of  the  building  materials  were  analyzed  and  compared,  and 
various  air  monitoring  data  were  gathered  during  the  test  by  bubblers  and 
Automatic  Continuous  Air  Monitoring  Systems  (ACANS).  A  test  chamber  in 
Building  3008  at  OPG  was  selected  for  the  site  of  the  pilot  test. 

Because  the  pilot  test  was  to  be  designed  to  simulate  decontamination  of 
structures  which  may  be  encountered  in  the  field,  it  was  decided  that  the 
concentration  of  the  HO  spikes  should  approximate  those  found  in  buildings  in 
a  "3x“  condition.  This  condition  is  defined  by  the  regulations  in  terms  of 
vapor  concentrations  in  air,  not  as  concentrations  in  materials  (see  DARCONR 
38S-31  for  HD,  and  0ARC0MR  385-102  for  G3  and  VX).  Thus,  "3x“  decontamination 
has  been  achieved  when  a  chemical  decontaminant  has  been  applied  to  a  surface 
and  less  than  0.003  rog/m^  of  HD  is  present  ic  an  8-hr  bubbler  analysis  of  the 
offgassed  air  of  the  structure  (OARCOHR  385-31).  The  concentration  of  HD  in 
bubbler  solution  that  correlates  to  the  0.003  mg/ra^  definition  is 
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approximately  0.1  ug/rcl,  which  is  essentially  the  detection  limit  of  the 
analytical  method  used  to  analyze  the  bubbler  samples. 

In  an  effort  to  translate  the  regulatory  criteria  to  concentration  of  HD 
in  building  material ,  the  theoretical  method  detection  limits  developed  in 
Subtask  3  were  used  as  minimum  criteria  for  spiking  values  (see  section  8.5). 
Army  safety  and  surety  regulations  and  policies  dictated  the  upper  limit  of 
the  concentration  levels  of  the  spiking.  A  concentration  of  approximately  4 
mg/sq.in.  was  used  to  spike  the  test  structure  coupons  and  the  floor  spills. 


The  experimental  design  parameters  of  the  pilot  test  were  selected  after 
review  of  the  Phase  II  report  was  conducted  and  a  heat,  transfer  analysis  was 
.made  (Appendix  A).  The  following  design  parameters  were  selected: 

1.  The  gas  temperature  inside  the  test  structure  must  not  exceed  750  F 
based  on  the  Phase  II  conclusion  that  concrete  is  not  seriously 
damaged  when  heated  to  temperatures  below  750  F. 

2.  The  temperature  of  structural  materials  must  be  maintained  at  300  F 
for  at  least  60  minutes  to  assure  the  decontamination  of  HD  (from 
results  of  studies  in  Phase  II). 

3.  The  test  structure  must  be  mounted  on  a  base  of  soil  which  would  be 
sampled  after  the  test.  This  requirement  was  established  to 
determine  if  HQ  in  concrete,  when  submitted  to  a  unidirectional  heat 
source,  maintains  its  chemical  integrity  and  migrates  away  from  that 
source  into  the  surrounding  soil. 


The  following  sections  detail  the  pilot  test  design,  operation,  and  results. 


The  pilot  test  was  conducted  In  Room  212V,  an  environmental  test  chamber 
in  Building  3008  at  Ougway  Proving  Grounds  (DPG),  July  17-23,  1987.  The  test 
was  a  joint  effort  between  Battel le,  which  designed  and  provided  technical 
oversight  for  the  test,  and  Ougway  Proving  Grounds,  which  actually  performed 
the  test  operations  and  provided  laboratory  services.  Duties  of  each 
organization  are  detailed  in  the  Test  Plan  (see  Appendix  C). 

This  section  describes  the  test  structure  design,  coupon  design, 
equipment  layout,  the  burner  design  and  control,  the  data  acquisition  system 
and  the  analytical  services. 

The  test  structure  ^as  a  10  x  8  x  8  foot  building  with  a  steel  door 
opening  onto  an  8  x  8  foot  platform  as  sketched  in  Figure  5*1,  Each  wall  of 
the  building  was  made  of  a  different  material:  one  of  12-inch  thick  concrete, 
one  of  standard  16  x  8  inch  by  8-inch  thick  solid  concrete  block,  one  of  16  x 
8x8  inch  hollow  concrete  block,  and  one  of  G.25  inch  s'eel  plate.  One-half 
of  the  building  floor  was  12- inch  thick  concrete  and  the  other  half  was  6- inch 
thick  concrete.  The  platform  floor  and  building  ceiling  were  0.25  inch  steel 
plate.  The  entire  structure  was  mounted  on  a  one  foot  high,  i2  x  8  Foot  base 
made  of  I-beams,  which  was  filled  with  local  soil  from  DPG.  (Local  soil,  which 
has  some  clay  in  it  (see  Appendix  E> .  was  used  instead  of  the  sand  called  for 
in  the  design  review  (Appendix  A)  because  its  heterogeneous  composition  was 
judged  to  more  accurately  approximate  actual  field  conditions).  The  base  was 
supported  13  inches  from  the  floor  of  the  test  chamber  by  four  casters. 
Therefore,  the  top  of  the  soil  base  and  the  test  structure  floor  vfere  25 
inches  above  the  test  chamber  floor.  The  steel  door  frame  and  penetrations 
for  heating,  cooling,  and  room  exhaust  ducts  were  located  in  the  steel  wall  of 
the  test  structure.  The  entire  structure  was  insulated  with  high  temperature 
fiberglass  insulation  (2  inch  thick  Owens  Coming  Insul -Quick) . 
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5.2  Coupon  Design 

Both  concrete  and  carbon  steel  coupons  were  placed  in  the  test  structure. 
The  steel  coupons  were  installed  on  the  steel  wall;  concrete  coupons  were 
installed  on  the  test  structure's  floor  and  concrete  walls.  The  concrete 
coupons  measured  5x5  inches,  and  were  fabricated  in  two  thicknesses:  0.25  and 
0.5  inches.  Both  low  porosity  and  high  porosity  concrete  coupons  were 
prepared  in  order  to  simulate  more  closely  the  variety  of  concrete  which  can 
be  found  in  the  field.  The  cement  to  sand  ratio  for  the  low  porosity  concrete 
was  0.4: 1:1. 6  and  for  the  higher  porosity  concrete  was  0.6: 1:3.  The  steel 
coupons  also  measured  5x5  inches,  and  were  made  of  0.25  inch  carbon  steel. 

The  mounting  clips  used  for  holding  the  coupons  against  the  test 
structure  walls  consisted  of  the  following  components: 

1.  Tool  Holder,  No.  68  Finger  Grip  (cut  in  h?lf), 

2.  Machine  Screw  Anchor,  Tampin,  10-24  (rated  at  150  lbs  safe  load), 

3.  Steel  Bushing,  5/16  inch  CO  x  3/16  inch  10  x  17/32  inch  long,  and 

4.  Steel  Machine  Screw,  RH  10-24  x  1  inch. 

Figure  5-2  is  a  sketch  of  the  assembled  clip. 

The  equipment  floor  plan  is  shown  in  Figures  5-3  and  5-4. 
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FIGURE  S-4.  EQUIPMENT  FLOORPLAN  -  SIDE  VIEW 


Figure  5-5  indicates  thermocouple  placement  in  the  test  structure. 
Standard  type  K  Chromel  Alumel  thermocouples  were  used.  The  flexible  type  was 
used  to  monitor  material  temperatures  (in  the  solid  walls  and  on  the 
surfaces),  and  the  rigid  probe  type  was  used  to  measure  air  temperatures  in 
the  test  structure  and  in  the  middle  of  the  hollow  block  wall. 

The  following  temperatures  were  monitored  in  the  test  structure: 

1)  Inside  test  structure  room  (TC  41) 

2)  Inside  test  structure  room,  second  location  (TC  42) 

3)  Inside  concrete  wall  (TC  1) 

4)  Middle  concrete  wall  (TC  2) 

5)  Outside  concrete  wall  (TC  3) 

6)  Inside  solid  block  wall  (TC  11) 

7)  Middle  solid  block  wall  (air  space)  (TC  12) 

8)  Outside  solid  block  wall  (TC  13) 

9)  Inside  hollow  block  wall  (TC  21) 

10)  Middle  hollow  block  wall  (TC  22) 

11)  Outside  hollow  block  wall  (TC  23) 

12)  Steel  wall  (TC  43) 

13)  Steel  ceiling  (TC  54) 

14)  Steel  ceiling,  second  location  (TC  55) 

15)  Inside  6  inch  floor  (TC  8) 

16)  Outside  6  inch  floor  (TC  9) 

17)  Inside  12  inch  floor  (TC  27) 

18)  Middle  12  inch  floor  (TC  28) 

19)  Outside  12  inch  floor  (TC  29) 


FIGURE  5-5.  THERMOCOUPLE  PLACEMENT  IN  THE  TEST  STRUCTURE 
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20)  Bottom  soil,  6  inch  floor  (TC  10) 

21)  Bottom  soil,  12  inch  floor  (TC  30) 

22)  Duct  from  test  room  before  dilution  (TC  47) 

23)  Duct  from  test  room  after  dilution  (TC  48) 

24)  Air  to  burner  (TC  50) 

25)  Chamber  air  near  test  structure  (TC  51). 

5.4  Burner  Design  and  Control 


5.4.1  Burner  Design 

A  1.5  inch  KINEMAX  medium  velocity  burner,  manufactured  by  Maxon 
Corporation,  was  used  to  heat  the  test  structure.  The  maximum  capacity  for 
this  particular  burner  is  550,000  Btu/hr.  For  the  purpose  of  this 
demonstration  it  was  designed  to  operate  on  propane  fuel  and  was  supplied  with 
a  combustion  blower  rated  at  100  standard  cubic  feet  per  minute  (scfra).  A 
constant  air  flow  to  the  burner  was  used  throughout  the  test. 

5.4.2  Burner  Control 

Thermocouple  No.  41  which  monitored  the  air  two  feet  inside  the  test 
structure  actuated  a  control  at  the  proportioning  control  panel  to  modulate 
the  fuel  flow  through  the  combustion  train  to  the  burner.  The  control  panel 
was  located  in  a  control  room  outside  the  test  chamber.  Therefore  the 
temperature  setpoints  (test  structure  heat-up)  could  be  controlled  without 
entering  the  test  chamber. 

Standard  industrial  safety  features  built  into  the  burner  system 
included: 

1.  Automatic  shutdown  of  burner  if  flame  out  was  sensed  by  a  UV  flame 
detector; 

2.  Automatic  shutdown  of  burner  if  high  or  low  gas  pressure  or  high  or 
low  burner  temperature  were  sensed;  and 
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3.  Automatic  shutdown  of  burner  if  loss  of  air  flow  through  the 
combustion  blower  was  detected. 

The  dilution  air  entering  the  hot  gas  exhaust  duct  was  controlled  by  a 
barometric  damper  which  was  adjusted  (0.5  in.  HgO)  to  maintain  a  negative 
pressure  (-0.2  in.  H2O)  in  the  test  structure.  Two  1200  actual  cubic  feet  per 
minute  (acfm)  blowers  were  located  downstream  of  the  barometric  damper  and 
carbon  filter  in  the  exhaust  duct.  These  blowers  were  required  during  the 
test  to  assure  adequate  tempering  of  the  exhaust  gas  before  it  passed  through 
the  filter. 

A  remote  cooling  air  damper,  located  at  the  structure's  cooling  air 
inlet,  was  closed  during  heat-up  of  the  building.  At  the  end  of  the  test, 
when  the  burner  was  turned  off,  this  damper  was  opened  to  allow  cooling  air  to 
enter. 

A  line  diagram  of  flows  and  controls  for  the  burner  system  is  shown  in 
Figure  5-6. 

5.4.3  Emergency  Shutdown  of  System 

In  addition  to  the  automatic  lutdown  safety  features  of  the  system, 
there  was  also  a  master  control  switch  on  the  control  panel  that  could  be  used 
in  case  an  unanticipated  problem  arose  in  which  would  not  automatically 
initiate  shutdown  of  the  system. 

5.5  Data  Acquisition  System 

The  data  acquisition  system,  GP-DAS,  was  provided  by  DPG.  It  was  housed 
in  a  mobile  unit  (trailer)  outside  of  Building  3008.  The  system  monitored  air 
flow  data,  thermocouple  data,  and  the  pressure  inside  the  test  structure 
continuously. 


All  sample  analyses  were  conducted  in  the  DP6  laboratories  by  DPG 
personnel.  The  bubbler  samples  were  analyzed  in  the  laboratory  of  the  Assay 
Branch,  and  the  material  samples  and  all  methods  verification  analyses  were 
performed  by  the  laboratory  in  the  Technology  Branch.  Laboratory  quality 
assurance  overview  was  provided  by  Battelle  personnel. 


FIGURE  5-6.  LINE  DIAGRAM  OF  FLOWS  AND  CONTROLS 
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6.0  PREPARATION  FOR  PILOT  TESTING 

6.1  Installation  of  Coupon  Holders  and  Design  of  Coupon  .Placement 

After  the  test  structure  was  delivered  to  DP6,  it  had  to  be  installed  in 
the  test  chamber  and  the  instrumentation  tested.  This  section  describes  the 
pre-test  oreparations  which  included  coupon  holder  installation,  air  flow 
measurement,  and  burner  modification  and  checkout. 

The  locations  for  the  coupons  were  marked  on  the  inside  walls  of  the  test 
structure  according  to  the  placement  specified  in  Figure  6-1.  A  template  and 
hammer  drill  were  then  used  at  each  of  these  marked  locations  to  drill  out  the 
holes  for  the  mounting  clips.  Lead  tampins  were  inserted  in  each  of  the 
holes,  and  the  mounting  clips  described  in  Section  5.2  were  screwed  in  place. 

The  test  design  called  for  all  coupons  to  be  spiked  and  mounted  on  the 
walls  with  their  spiked  faces  facing  into  the  test  structure,  except  the  3 
coupons  marked  in  Figure  6-1.  These  coupons  were  to  be  spiked  and  mounted  with 
the  spiked  faces  toward  the  wall  to  approximate  agent  in  concrete  at  depth.  In 
addition,  a  5  inch  diameter  circular  plug  of  concrete,  the  “sunken  coupon"  of 
Figure  6-1,  was  spiked  on  the  bottom  and  inserted  into  a  4  inch  deep  hole  cut 
out  of  the  unpainted  concrete  floor.  This  coupon  was  designed  to  simulate  HD 
contamination  at  depth.  Analysis  of  coupon  no.  15,  25,  35  and  this  plug  would 
help  determine  the  efficiency  of  the  hot  gas  process  in  destroying  HD  at 
depth  in  concrete. 

To  simulate  a  spill  of  HD  onto  concrete,  two  20  x  20  inch  areas  on  the 
painted  and  unpainted  sections  of  the  concrete  floor  were  ridged  in  concrete 
caulking.  A  controlled  spike  was  delivered  to  each  of  these  two  confined 
areas  and  allowed  to  soak  into  the  concrete  for  about  three  days  prior  to  the 
burner  startup.  Samples  from  the  spiked  areas  were  collected  by  drilling  and 
extracting  the  pulverized  concrete  (see  Appendix  B).  Drill  samples  from  the 
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concrete  wall  beneath  coupon  no.  15,  25  and  35  would  be  collected  as  well  to 
determine  If  detectable  HD  had  migrated  Into  the  concrete  wall  from  the 
spiked  coupon  faces. 

6 . 2  Air  Flow  Measurement 

Prior  to  the  test,  the  system  was  operated  with  ambient  air,  primarily  to 
verify  that: 

1.  negative  pressure  (-0.1  to  -0.2  in  water  column)  could  be  maintained 
inside  the  test  structure,  and 

2.  air  flow  in  the  exhaust  duct,  after  dilution  and  before  the  1200 
acfm  carbon  filter,  was  at  least  1000  acfm. 

Negative  pressure  was  required  in  the  test  structure  to  prevent  HD 
contaminated  gases  from  leaking  into  the  test  chamber;  low  pressure  was  needed 
to  minimize  in-leakage.  The  exhaust  system  was  cooled  with  dilution  air  to 
protect  the  carbon  filters  which  can  sustain  a  maximum  temperature  of  about 
400°F.  A  minimum  flow  of  1000  acfm  was  maintained. 

Other  system  flows  which  were  required  as  general  data  input  were  the 
combustion  air  flow  and  exhaust  flow  prior  to  dilution  through  the  barometric 
damper. 

6.3  Instrument  Checkout 

The  thermocouples  in  the  test  structure,  exhaust  duct,  combustion  air, 
and  test  chamber  were  calibrated  using  millivolt  (mv)  signal  generators.  All 
pressure  transducers  were  2eroed  and  calibrated  over  the  full  response  range. 
Using  a  mill  lamp  (ma)  signal  from  each  of  the  transmitters,  all  the 
indicator/controller  readouts  in  the  control  trailer  control  panel  were  then 
standardized  to  give  the  correct  readouts. 

Each  Nagnehelic  pressure  gauge  was  zeroed  and  checked  against  the 
corresponding  pressure  transducer  readout  in  the  GP-DAS  trailer. 
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6.4  Burner  Modification  and  Startup 

The  system  equipment  furnished  by  the  building  contractor  was  not 
adequate  to  provide  automated  control  of  fuel  flow  to  the  burner.  Blair* 
Alexander  Engineering  (supplier  of  the  burner)  was  contacted  to  provide 
initial  adjustment  and  light-off  of  the  system,  as  well  as  to  modify  the 
system  to  make  burner  control  more  fully  automated.  Blair-Alexander 
Engineering  provided  the  following  equipment  for  this  modification: 

1.  high  temperature  cut-off, 

2.  temperature  controller, 

3.  two  thermocouples,  and 

4.  motor  for  the  fuel  control  valve. 

Following  the  installation  and  wiring  of  these  components,  the  fuel  valve 
was  sized  and  the  0-100%  span  was  set  on  the  valve  control  motor.  During  the 
initial  startup  of  the  burner,  it  was  determined  that  a  constant  combustion 
air  flow  of  60%  of  maximum  gave  the  best  light-off  and  flame 
throughout  the  burner  operating  range. 

Startup  and  operational  procedures  for  the  actual  test  are  detailed  in 
the  Burner  SOP  (Appendix  0). 
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As serbl y  in  the  Environmental  Chamber 


7.0  TESTING 


7.1  Background  Data 

Before  the  testing  began,  tiie  thermocouple  and  pressure  transducers  were 
calibrated  and  background  data  such  as  temperature,  pressure,  and  air  flow 
rates  were  taken  by  the  data  acquisition  system.  The  calibration  provided 
confidence  in  the  readings  and  the  background  data  provided  a  point  of 
reference  for  the  balance  of  the  test.  Background  chemical  analysis  samples 
were  also  taken  on  July  16,  1987.  These  samples  included  concrete  floor 
samples  (powdered  concrete  from  drilling  3/8  inch  diameter  holes  3/8  inch  to 
1/2  inch  deep)  next  to  the  floor  spill  areas  and  wipe  samples  from  the  floor 
and  wall.  Air  samples  were  taken  using  bubblers  and  an  ACAMS. 

The  bubblers  were  placed  at  the  following  locations  (Figure  7-1): 

t  East  Floor--air  next  to  test  chamber  on  solid  block  wall  side 

•  West  Floor--air  next  to  test  chamber  on  burner  side 

•  Uppe**  Door--air  in  test  structure  2  feet  above  the  floor,  collected 

from  the  second  from  bottom  pipe  nipple  in  door 

•  Lower  0oor--same  as  above,  except  collected  from  the  bottom  pipe 
nipple  in  door 

•  East  Exhaust--east  side  of  exhaust  before  dilution  with  water  cooled 
condenser 

•  West  Exhaust--west  side  of  exhaust,  same  as  above 

•  Pre  1200  acfm--exhaust  after  cooling  air  dilution 

•  1200  anfm  Exhaust--exhaust  after  carbon  filter 

t  Burner  Fan--  air  near  burner  blower  air  inlet 

•  Soil  Area--  air  between  the  soil  base  and  the  test  structure's  6- 

inch  thick  floor  underneath  a  spiked  floor  spill  area. 

Two  other  bubblers  were  used  for  monitoring  outside  of  Building  3008  for 
safaty  purposes.  These  results  were  also  reported. 
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The  ACAMS  sample  was  taken  using  a  tee  in  the  sample  line  to  the  East 
Exhaust  bubbler  after  the  condenser.  The  ACAMS  is  an  on-line  monitor  that 
provides  an  updated  reading  every  8  minutes.  The  bubblers  used  10  milliliters 
of  hexylene  glycol  to  collect,  material  for  an  approximate  6-hour  sampling 
period  of  approximately  1  liter  per  minute  of  air  pulled  through  the  bubbler 
(0.1  mg/ml  equals  approximately  0.003  mg/m3). 

The  background  data  collection  continued  during  the  coupon  spiking 
operation  and  during  the  three  days  after  spiking  before  the  burner  was  fired. 


7.2  Decon  Testing 

On  July  17,  1987,  between  0900-1000,  the  coupons  were  spiked  with 
approximately  7.6  ml  of  a  2.0  weight  percent  solution  of  HD  in  hexane  to 
deliver  95  mg  of  HD  to  each  coupon.  After  the  coupons  were  placed  into  their 
holders  in  the  test  structure,  the  floor  spill  areas  were  spiked.  The  test 
structure  was  then  closed.  The  ventilation  blowers  remained  on  to  keep  the 
test  structure  at  negative  pressure  and  pass  the  exhaust  through  the  1200  acfm 
activated  carbon  filter.  Data  and  air  samples  were  taken  over  the  weekend 
while  the  HD  was  allowed  to  soak  into  the  test  structure.  The  ACAMS  responded 
to  the  HD  in  the  test  structure.  The  reading  was  over  20.0  after  spiking. 
Before  the  burner  was  started  July  20,  1987,  the  ACAMS  reading  had  decreased 
to  0.23*. 

The  burner  was  started  July  20,  1987,  at  0910  at  a  controller  set  point 
temperature  setting  of  200°F.  The  ACAHS  reading  rose  rapidly,  responding  to 
the  start  of  the  burner.  At  1000  the  burner  control  set  point  was  raised  to 
250°F  and  the  ACAHS  reading  was  3.00*.  The  test  exhaust  temperature  was 
192°F.  The  burner  control  set  point  was  raised  50°F  every  hour  until  it 
reached  400°F,  after  which  it  was  held  at  this  setting  for  6  hours.  During 


*Reading  is  number  times  0.003  mg/m3. 
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this  heat-up  period,  no  steam  was  observed  coming  from  the  exterior  of  the 
test  structure.  The  ACAHS  reading  peaked  at  a  value  of  4.30*  at  1022  and 
decreased  after  this  point.  The  exhaust  bubblers  and  ACAMS  condenser  cooling 
water  were  turned  on  at  1200  when  the  exhaust  temperature  reached  284°F. 

The  burner  control  set  point  was  raised  in  increments  of  50°F  every  hour 
to  750°F,  starting  at  1900.  The  ACAMS  responded  to  the  temperature  increase 
with  an  increase  from  0.3*  to  about  0.9  at  2200. 

When  the  bubblers  were  changed  at  2400  it  was  noted  that  the  bubblers 
that  were  sampling  from  the  exhaust  and  from  the  test  structure  air  were 
filled  and  overflowing  with  water  that  had  condensed  in  the  condenser  and/or 
sampling  lines.  The  water  also  had  flowed  into  the  ACAMS,  which  made  the 
ACAMS  readings  questionable  for  the  balance  of  the  test.  The  water  in  the 
bubblers  prevented  those  samples  from  being  analyzed.  Water  traps  were 
installed  in  the  bubbler  sample  lines  to  help  alleviate  this  problem  for  the 
rest  of  the  test. 

Also  at  this  time,  2400,  July  20,  1987,  steam  was  visible  at  the  seams  of 
the  metal  covering  the  insulation  on  the  exterior  of  the  test  structure.  The 
outside  wall  temperatures  were  near  200-212°F  at  this  time,  indicating  that 
moisture  was  being  driven  out  of  the  concrete.  Water  had  been  collecting  in 
the  bubbler  that  was  sampling  the  air  beneath  the  test  structure  floor  since 
about  6  hours  into  the  heatup  phase.  This  water  was  probably  released  from  the 
soil  in  the  test  structure  base  as  the  temperature  increased. 

During  the  evening  of  July  20,  1987  and  the  morning  of  July  21,  1987,  a 
severe  electrical  storm  caused  three  short  disruptions  of  commercial  power  to 
the  GP-OAS  data  collection  system.  No  serious  damage  to  the  data  integrity 
was  sustained.  The  burner,  powered  by  its  own  generator,  continued 
uninterrupted. 

The  final  burner  control  setting  of  750°F  was  attained  at  0100,  July  21, 
1987 .  The  burner  was  maintained  at  this  temperature  until  all  the  building 
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temperatures  exceeded  300°F  for  a  minimum  time  of  1  hour.  This  condition  was 
reached  by  2000  on  July  21,  1987,  35  hours  after  the  burner  was  fired.  The 
burner  was  shut  off  at  2020  at  the  same  time  that  the  bubblers  were  switched. 
This  started  the  cooldown  period.  The  cooldown  period  was  ended  38  hours 
later  when  all  the  test  structure  Internal  temperatures  dropped  to  105°F  or 
less. 


The  burner  air  blower  was  kept  operating  to  blow  cooling  air  into  the 
test  structure  along  with  the  cooling  air  entering  the  structure  from  the 
cooling  air  inlet  duct.  As  the  exhaust  temperature  leaving  the  test  structure 
decreased,  the  dilution  air  inlet  damper  was  closed  to  pull  as  much  cooling 
air  through  the  test  structure  as  possible  without  exceeding  the  temperature 
limit  to  the  inlet  of  the  carbon  filter.  Cooldown  ended  at  1000  July  23, 
1987,  and  the  test  structure  door  was  opened. 

7.3  Post  Testing 

Photographs  were  taken  of  the  test  structure  after  opening  and  before  the 
coupons  were  removed.  After  photographing  the  test  structure,  the  coupons 
were  removed  and  placed  in  unused  plexiglass  boxes  for  transport  to  the 
chemical  laboratory  for  analysis,  which  included  analysis  of  surface  wipes  of 
the  coupons  and  also  analysis  of  selected  concrete  coupons  that  were 
pulverized  and  extracted. 

Swab  samples  were  collected  from  the  test  structure  at  the  following 
locations: 

•  in  each  of  the  floor  spill  areas 

•  near  the  spill  areas  on  the  floor,  painted  and  unpainted 

•  each  wall,  painted  and  unpainted 

•  ceiling. 
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Concrete  drill  samples  were  taken  from  each  of  the  floor  spill  areas  and 
areas  outside  the  spills.  Concrete  drill  samples  were  also  taken  on  the  walls 
under  coupons  No.  15,  25  and  35,  which  were  placed  with  the  spiked  face  toward 
the  wall.  Other  samples  taken  included  2  vials  of  paint  chips  that  were 
removed  from  the  metal  wall  and  floor  beam,  and  four  soil  samples  taken  about 
18  inches  in  from  the  wall  under  the  test  structure.  Both  pre-test  and  post 
test  samples  collected  and  analyzed  are  listed  in  Tables  7-1  and  7-2. 
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TABLE  7-1.  PRE-TEST  BLANK  SAMPLES 


LABORATORY 

SAMPLE  NO. 

LOCATION  OF  SAMPLE/ 

TYPE  OF  MATERIAL 

TYPE  OF 
SAMPLE 

71 

Steel,  coupon 

Swab 

72 

Painted  steel,  coupon 

Swab 

81 

Concrete,  coupon 

Swab 

82 

Painted  concrete,  coupon 

Swab 

Cl 

Painted  concrete,  floor 

Swab 

C2 

Painted  concrete,  solid 
block  wall 

Swab 

C3 

Painted  concrete,  hollow 
block  wall 

Swab 

C4 

Concrete 

Swab 

C5 

Concrete,  floor 

Swab 

C6 

Painted  steel,  ceiling 

Swab 

C7 

Steel,  ceiling 

Swab 

C8 

Concrete,  solid  block 
wall 

Swab 

C9 

Painted  concrete 

Swab 

CIO 

Concrete,  hollow  block 
wall 

Swab 

TABLE  7-2.  POST-TEST  SAMPLES 


LABORATORY 
SAMPLE  NO. 

LOCATION  AND  TYPE 

OF  MATERIAL 

SAMPLE 

TYP5 

SOLVENT 

EXTRACT 

1 

Steel,  unpainted 

Swab 

Hexane 

2 

Steel,  painted 

Swab 

Hexane 

3 

Painted  Floor  Spill 

Swab 

Hexane 

4 

Painted  Steel 

Swab 

Hexane 

5 

Unpainted  hollow  concrete 
bl  ock 

Swab 

Hexane 

6 

Unpainted  concrete 

Swab 

Hexane 

7 

Hollow  concrete  block, 
painted 

Swab 

Hexane 

8 

Floor  spill,  unpainted 

Swab 

Hexane 

9 

Concrete,  painted 

Swab 

Hexane 

10 

Solid  concrete  block, 

Swab 

Hexane 

11 

Steel,  ceiling 

Swab 

Hexane 

12 

Solid  block,  painted 

Swab 

Hexane 

13 

Soil,  painted 

Soil 

Chloroform 

14 

Soil,  unpainted  (under 
spill  area) 

Soil 

Chloroform 

15 

Wall,  solid  concrete, 
under  #35 

Drill 

Chloroform 

16 

Wall,  concrete,  under  #25 

Drill 

Chloroform 

17 

Wall ,  hollow  concrete, 
under  #15 

Drill 

Chloroform 

18 

Unpainted  concrete,  floor 
spill  area 

Drill 

Chloroform 

19 

Painted  concrete  floor 
spill  area 

Drill 

Chloroform 

20 

Soil,  painted  under  spill 
area 

Soil 

Chloroform 

37 


TABLE  7*2.  POST-TEST  SAMPLES  (continued) 


LABOROTORY 
SAMPLE  NO. 

LOCATION  AND  TYPE 

OF  MATERIAL 

SAMPLE 

TYPE 

SOLVENT 

EXTRACT 

21 

Soil,  unpainted 

Soil 

Chloroform 

22 

Paint  from  center  beam  in 
floor 

Paint 

Chloroform 

23 

Steel  door  paint  sample 

Paint 

Chloroform 

24 

Standard,  HD  in 
cyclohexane 

25 

Coupon  #05,  concrete 
circular  (floor) 

Swab* 

Hexane 

26 

Coupon  02,  painted  concrete 

Swab 

Hexane 

27 

Coupon  22,  painted  concrete 

Swab 

Hexane 

28 

Coupon  32,  painted  concrete 

Swab 

Hexane 

29 

Coupon  35,  concrete 

Swab* 

Hexane 

30 

Coupon  10,  concrete 

Swab 

Hexane 

31 

Coupon  41,  steel 

Swab 

Hexane 

32 

Coupon  43,  steel 

Swab 

Hexane 

33 

Coupon  04,  painted  concrete 

Swab* 

Hexane 

34 

Coupon  04A,  painted  concrete 

Swab 

Hexane 

35 

Coupon  24,  painted  concrete 
(broken) 

Swab 

Hexane 

36 

Coupon  34,  painted  concrete 

Swab 

Hexane 

37 

Coupon  15,  concrete 

Swab 

Hexane 

38 

Coupon  21,  concrete 

Swab 

Hexane 

39 

Coupon  11,  concrete 

Swab 

Hexane 

40 

Coupon  01A,  concrete 

Swab 

Hexane 

41 

Coupon  33,  concrete 

Swab 

Hexane 

42 

Coupon  42,  painted  steel 

Swab 

Hexane 

TABLE  7-2.  POST-TEST  SAMPLES  (continued) 


LAB0R0T0RY 
SAMPLE  NO. 

LOCATION  AND  TYPE 

OF  MATERIAL 

SAMPLE 

T_YP_E_ 

SOLVENT 

EXTRACT 

43 

Coupon  14,  painted  concrete 

Swab* 

Hexane 

44 

Coupon  44,  painted  steel 

Swab 

Hexane 

45 

Coupon  45,  concrete 

Swab* 

Hexane 

46 

Coupon  31,  concrete 

Swab 

Hexane 

47 

Coupon  12,  painted  concrete 

Swab 

Hexane 

48 

Coupon  13,  concrete 

Swab* 

Hexane 

49 

Coupon  23,  concrete 

Swab* 

Hexane 

50 

Coupon  25,  painted  concrete 

Swab 

Hexane 

51 

Floor,  painted  background 

drill 

Chloroform 

52 

Floor,  unpained  background 

drill 

Chloroform 

♦These  coupons  were  also  pulverized,  extracted  and  analyzed  after  swab  samples 
were  collected. 


The  condition  of  the  test  structure  after  the  pilot  test  Is  shown  in 
Figures  8-1  and  8-2.  The  photographs  show  the  interior  of  the  structure  from 
the  doorway  and  from  the  interior  looking  toward  the  doorway. 

The  test  structure  appeared  to  be  structurally  sound  and  in  excellent 
condition,  although  no  tests  for  structural  soundness  were  performed.  The 
structure  showed  no  visible  signs  of  structural  damage  as  a  result  of  the 
thermal  decontamination  test.  There  were  no  cracks  in  the  wall,  no  separation 
of  the  walls  at  the  corners  or  ceiling.  The  concrete  did  not  appear  to  be 
weakened  by  the  heating  based  on  the  time  required  to  drill  3/8  inch  diameter 
holes  after  the  test.  The  alkyd  (Sani-flat)  paint  used  on  sections  of  *ne 
floor  and  walls  remained  intact  on  the  concrete  but  chalked  and  flaked  off  the 
metal.  This  difference  in  performance  may  be  related  to  the  higher 

temperatures  attained  on  the  metal  surfaces  compared  with  those  attained  on 
the  concrete  surfaces. 

Several  concrete  coupons  fell  to  the  floor  during  the  test.  They  remained 
relatively  intact,  with  only  corners  chipped  off  most  of  them.  The  coupons 
fell  during  the  test  due  to  the  melting  of  the  lead  anchors  that  were  used  to 
install  the  coupon  mounting  clips  on  the  concrete  block  walls  and  the  concrete 
wall.  In  some  places,  lead  was  splattered  on  the  floor  of  the  test  structure. 


The  following  was  the  status  of  the  coupons: 


11 

13,15 

14,22,33 

12 

23,21 


Comments 

Fallen  to  floor,  1  large  piece,  2  small  pieces 

In  place  on  wall,  loose 

Fallen  to  floor,  intact 

Fallen  to  floor,  1  large  piece,  1  small  piece 

In  place  on  wall,  loose 


Figure  8-1.  Photo  of  Interior  of  Test  Structure  from  Doorway 


25 

24 

31 

35,32,34 

41,42,43,44 


Fallen  to  floor,  1  large  piece,  1  very  small  comer 
piece 

Fallen  to  floor,  approximately  5  pieces 
Fallen  to  floor,  2  small  comers  missing 
In  place  on  wall,  loose 
In  place,  tight. 


8.2  Heat-up  Profiles 

The  temperature  heat-up  and  cool-down  profiles  of  each  of  the  walls  and 
floor  sections  are  shown  in  Figures  8-3  to  8-8.  The  plots  begin  with  the 
startup  of  the  burner,  which  was  turned  on  80  hours  after  the  test  structure 
was  spiked.  The  graphs  for  the  poured  concrete  wall,  the  solid  concrete  block 
wall,  and  the  hollow  concrete  block  wall  compare  thermocouple  readings  from 
the  interior  surface  of  each  wall,  middle  of  each  wall,  and  three  locations  on 
the  exterior  surface  of  each  wall.  The  plot  for  the  steel  wall  displays  the 
temperature  profiles  for  halfway  up  the  wall  and  near  tne  ceiling.  The 
profiles  for  the  two  floor  sections  contain  readings  from  the  interior  surface 
of  the  floor,  the  middle  of  the  floor,  the  exterior  surface  of  the  floor,  and 
the  soil  beneath  the  floor  (“sand  box“).  Each  graph  also  contains  the 
temperature  profile  of  the  thermocouple  used  for  burner  control  for  comparison 
with  the  other  thermal  profiles  displayed. 

The  thermal  profiles  show  that  for  the  concrete  walls  and  the  floors,  the 
interior  surface  temperatures  of  the  walls  heated  faster  and  attained  higher 
temperatures  than  did  either  the  middle  of  the  walls  or  the  exterior  surfaces. 
The  thermal  profiles  of  the  steel  wall  paralleled  the  burner  air  temperature 
profile  very  closely. 

Figures  8-9  and  8-10  compare  all  interior  and  exterior  wall  surface 
temperatures,  respectively.  The  steel  wall  reached  the  highest  temperatures 
during  the  test.  The  poured  concrete  wall  interior  surface  reached  the  highest 
temperatures  of  all  the  non-steel  walls  during  the  heatup  phase,  and  the 
hollow  block  wall  interior  surface  was  the  least  responsive  to  the  burner  air 


HEATUP  PROFILE 


FIGURE  8-6.  HEATUP  PROFILE  OF  STEEL  PLATE  WALL 


FiGURE  8-8.  HEATUP  PROFILE  OF  12-INCH  thick  floor 
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temperature.  The  exterior  or  the  hollow  block  wall  heated  up  faster  and 
hotter  than  both  the  poured  concrete  wall  and  the  solid  block  wall.  The 
different  thermal  characteristics  of  the  building  materials  heated  in  this 
pilot  test  imply  that  building  construction  will  be  an  important  factor  to  the 
site-specific  design  of  hot  gas  decontamination  system  field  operations. 

Hourly  averages  for  all  thermocouples  are  tabulated  in  Appendix  F. 


On  July  17,  1987,  0900-1000,  the  test  structure  was  spiked.  The 
background  reading  before  spiking  of  the  test  structure  was  0.02  on  the  ACAMS, 
which  is  0.02  times  the  time  weighted  average  (TWA)  value  of  0.003  mg/m3.  The 
ACAMS  monitored  the  air  in  the  test  structure  after  it  had  passed  through  the 
exhaust  but  before  the  entry  of  the  dilution  air.  The  digital  readouts  (read 
by  remote  video  camera)  were  updated  every  8  minutes.  After  the  spiking  of 
the  test  structure,  the  ACAMS  readings  rose  to  greater  than  20  times  the  0.003 
mg/m3  value,  or  approximately  0.060  mg/m3.  The  ACAMS  was  responding  to  the  HO 
spike.  By  0830  on  July  20,  1987,  approximately  0.5  hr  before  the  startup  of 
the  burner,  the  ACAMS  readings  had  decreased  to  0.0007  mg/m3,  or  about  one- 
fourth  of  the  TWA  (0.003  mg/m3). 

Figure  8-11  is  a  graph  of  the  ACAMS  data  collected  during  the  major 
portion  of  the  heatup  phase  of  the  test  where  most  of  the  ACAMS  activity  took 
place.  At  0900  on  July  20,  1987,  when  the  burner  air  blower  was  started,  the 
ACAMS  readings  rose  from  0.0007  to  0.0013  mg/ra3.  At  0922,  the  readings  had 
risen  to  0.G02  mg/m3,  and  the  exhaust  temperature  was  200°F.  The  ACAMS 
readings  reached  a  maximum  at  1022  of  0.013  mg/m3.  The  building  exhaust 
temperature  at  this  time  was  approximately  226°F.  From  that  time  until 
approximately  1700  on  July  20,  1987,  (the  next  7  hours),  the  ACAMS  readings 


e  8-11,  Concentrations  of  HD*  in  Test  Structure  Air  as  Measured  by  ACAMS 
fonitor)  During  Heatup  Phase  of  Pilot  Test,  0900  July  20  throuoh  0134  Julv  21,  1987 
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Zfell  in  a  fairly  smooth  curve  to  the  background  level.  The  building  exhaust 
temperature  at  1700  was  374°F. 

After  1800  on  July  20,  1987,  the  readings  began  to  rise  and  fall 
erratically  during  the  remainder  of  the  test  (until  1000  on  July  23,  1987). 
Some  of  the  increases  may  be  explained  by  an  increase  in  temperature  of  the 
burner,  but,  for  the  most  part,  the  readings  were  inexplicable.  At  2400  on 
July  20,  water  was  discovered  in  the  ACAMS,  which  casts  doubt  on  the  readings 
after  this  time  and  may  explain  the  erratic  readings  during  the  previous  6 
hours.  A  water-cooled  condenser  had  been  installed  in  the  line  that  sampled 
the  exhaust  stream  to  cool  the  air  entering  the  ACAMS  (and  bubblers)  to  avoid 
damaging  the  instruments  and  evaporating  the  bubbler  solvents.  However,  the 
water  released  from  the  concrete  as  it  was  heated  and  the  water  produced  as 
the  propane  fuel  was  burned  condensed  in  the  sample  lines. 

8.3.2  Bubbler  Analyses 

Of  the  12  bubbler  stations  serviced  during  the  total  operations,  only  5 
showed  any  values  above  the  TWA  of  0.003  mg/m3  during  any  time  of  the 
operations.  These  stations  were  as  follows:  Lower  Door,  Upper  Door,  East 
Exhaust,  West  Exhaust,  and  the  Under  Spill  Area. 

The  Lower  Door  station  graph  is  shown  in  Figure  8-12.  This  station  drew 
air  samples  from  inside  the  test  structure  near  the  floor  at  a  location 
approximately  four  feet  from  a  spiked  floor  spill  area.  The  bubbler  sample 
during  the  spiking  operation  showed  a  sharp,  30-fold  increase  above 
background,  to  approximately  0.060  mg/m3,  then  declined  to  the  detection  limit 
by  about  48  hours  after  the  spiking  operation.  The  bubbler  showed  a  positive 
reading  (approximately  0.006  mg/m3)  during  the  burner  startup  period  and 
during  the  second  six  hour  period  (12  hours  total).  After  this  time,  water 
produced  by  the  dehydration  of  the  concrete  and  from  the  burner  entered  the 
bubbler  and  the  samples  could  not  be  analyzed.  Water  traps  were  eventually 
placed  in  the  sample  lines,  but  condensate  may  have  trapped  HD  or  HD  breakdown 
products  so  that  an  accurate  collection  of  contaminants  would  not  be  possible. 
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Therefore,  analytical  values  obtained  for  periods  after  the  initial  discovery 
of  water  in  the  bubbler  were  treated  as  suspect  and  are  not  plotted  on  the 
graph. 

The  Upper  Door  station  was  about  two  feet  above  the  lower  door  location. 
The  graph  for  that  station  (Figure  8-13)  is  similar  to  the  one  shown  in  the 
Lower  Door  station  in  that  the  concentrations  during  the  spiking  period  were 
high  and  the  subseHuent  concentrations  decreased  to  almost  the  TWA  by  the  time 
the  burner  was  started.  By  the  second  six  hours  of  the  heatup  phase,  the 
samples  were  registering  only  background  levels  of  HD  or  HD  breakdown 
products.  Water  entered  the  bubbler  during  the  0800-1400  period  of  July  21, 
1987,  approximately  24  hours  after  the  test  began,  rendering  the  rest  of  the 
data  suspect. 

The  East  Exhaust  station  sampled  the  exhaust  of  the  test  chamber  before 
it  was  diluted  with  cooling  air.  The  HD  concentrations  -  time  curve  (Figure 
8-14)  showed  a  more  subdued  response,  approximately  a  7-fold  decrease,  to  the 
spike  than  the  Lower  and  Upper  Door  stations.  This  decrease,  confirmed  by  the 
West  Exhaust  station  results  (see  helow),  may  be  due  to  lack  of  mixing  of  the 
purge  air  entering  the  test  structure  and  the  air  within  the  structure  when 
the  floor  was  spiked.  The  blower  air  entered  the  test  structure  by  way  of 
the  damper  near  the  top  of  the  door,  and  left  the  test  structure  through  tne 
exhaust  port  next  to  it  (see  Figure  7*1).  The  negative  pressure  in  the  test 
structure  may  have  caused  the  inlet  air  to  exit  without  mixing  fully  with  the 
test  structure  air.  Ho  re  thorough  mixing  of  the  test  structure  air  probably 
occurred  during  the  test  because  the  heated  air  was  added  at  the  bottom  of  the 
door,  not  at  the  top  next  to  the  exhaust  port. 

The  concentrations  of  K0  in  the  bubbler  samples  of  the  East  Exhaust 
station  diminished  to  close  to  background  by  the  start  of  the  test  and  did  not 
significantly  change  during  the  period  of  burner  startup  and  the  heatup  phase. 
However,  the  period  of  2000*0200  on  July  21  &  22,  1987,  approximately  35  hours 
after  the  test  began  and  just  after  the  cooldown  phase  had  started,  produced  a 
bubbler  sample  concentration  that  had  increased  from  background  levels  to 
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Figure  8-14.  HD  Concentration  in  Test  Structure  Air  as  Measured  by  6-Hour 
Bubbler  Samples,  East  Exhaust  Station,  1400  July  16  to  1400  July  23,  1987. 


Concentration  in  Test  Structure  Air  as  Measured  by  6-Hour 
lest  Exhaust  Station,  1400  July  16  to  1400  July  23,  1987. 
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0.013  mg/m^ ,  or  about  six  times  the  TWA*  Because  of  these  rather  high  and 
unexpected  values,  several  samples  of  the  bubbler  solutions  were  analyzed  by 
gas  chromatography  (SC)  to  determine  the  chemical  composition  of  the 
contaminant.  HD  breakdown  products  were  found,  but  no  HD  was  discovered. 


Sample  results  from  the  West  Exhaust  station  showed  a  similar  graph  to 
the  East  Exhaust  station  (Figure  8*15).  Samples  collected  during  the  first 
period  of  the  cooldown  phase  increased  from  background  to  about  two  times  the 
TWA  like  the  East  Exhaust  station  readings,  but  immediately  declined  to  below 
the  detectable  limit  for  the  remainder  of  the  test.  As  with  the  ACAMS  and  the 
Lower  and  Upper  Door  bubbler  stations,  both  the  East  and  West  Exhaust  stations 
eventually  filled  with  water  and  were  unable  to  be  analyzed. 


The  Under  Spill  Area  station,  which  sampled  air  between  the  soil  base  and 
the  concrete  floor  just  under  a  floor  spill  area  on  the  six  inch  thick  floor, 
yielded  a  unique  profile  (Figure  8*16).  During  the  18  hours  before  the 
spiking  operation  took  place,  three  consecutive  bubbler  samples  showed 
concentrations  of  contaminant  of  two  times  the  TWA  (about  0.005  mg/m^).  This 
value  remained  constant  throughout  the  spiking  operation,  increased  during  a 
six  hour  period  approximately  50  hours  after  the  spike,  and  then  diminished 
to  background  levels.  Water  entered  the  bubbler  during  the  period  of  initial 
test  heatup,  so  most  of  the  remaining  samples  were  not  analyzed.  This  profile 
suggests  that  something  from  the  soil  used  for  the  soil  base  of  the  test 
structure  gave  the  bubbler  a  high  background  level.  Bubbler  samples  collected 
during  the  last  hours  of  the  cooldown  (after  water  traps  in  the  line  were 
installed)  showed  no  detectable  contamination  from  this  station. 


Concentration  in  Test  Structure  Air  as  Measured  by  6-Hour 
Under  Spill  Area  Station,  1400  July  16  to  1400  July  23,  1987. 
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8.4  Sample  Analysis 


8.4.1  Verification  Results 


The  final  objective  of  Subtask  3,  Analytical/Sampling  Methods,  as  decided 
by  USATHAMA,  was  to  provide  analytical  methods  that  could  be  used  to  determine 
the  effectiveness  of  the  decontamination  process  to  be  evaluated.  After  the 
initiation  of  the  program,  there  was  a  programmatic  change  that  resulted  in 
two  significant  alterations  of  Subtask  3  objectives.  The  major  modification 
was  the  deemphasis  of  the  certification  testing  that  was  originally  proposed. 
The  objective  to  verify  methods  for  sampling  and  analysis  of  HO  in  building 
material  matrices  encountered  in  an  existing  structure  was  altered  to 
verification  of  methods  for  sampling  and  analysis  of  HD  in  selected  building 
materials  used  in  the  construction  of  a  pilot  test  facility.  Thus  the  major 
objective  for  this  task  became  to  affirm  that  coupons  prepared  from  various 
materials  and  spiked  with  HO  would  indeed  yield  verifiable  and  quantifiable 
results. 


The  verification  effort  required  two  phases  of  experimentation: 
verification  that  existing  published  analytical  methods,  when  available,  were 
operationally  sound,  and  development  and  verification  of  new  sampling  methods 
where  no  existing  methods  could  be  identified.  This  process  was  followed  for 
both  analytical  and  sampling  techniques  for  HO  contaminated  painted  and 
unpainted  concrete,  mild  steel,  and  soils. 


Experiments  were  conducted  for  determining  the  recovery  efficiency  of  the 
methods  using  known  spiked  concentrations  of  HO  from  concrete,  metal  surfaces, 
and  soils.  A  report  documenting  methods  development  and  standard  operating 
procedures  for  sampling  and  analysis  of  HO  contaminated  materials  was 
completed  prior  to  the  initiation  of  the  pilot  testing  (see  Appendix  B).  The 
methods  verified  were  for  the  following: 
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1.  Solvent  extraction  method  for  HD  from  pulverized  concrete. 

2.  Sampling  procedure  for  the  generation  of  pulverized  concrete  samples 
via  drilling  solid  concrete  structures. 

3.  Analytical  screening  technique  for  the  detection  of  HD  on  the 
surface  of  unpainted  concrete  and  steel. 

4.  Analytical  technique  for  removal  of  HD  from  painted  steel  surfaces. 

5.  Solvent  extraction  method  for  HD  in  soil. 

The  method  verification  testing  was  conducted  at  both  the  Battelle 
facility  and  the  Dugway  Proving  Ground  facilities  yielding  the  results  in 
Table  8-1.  The  method  for  calculating  the  Theoretical  Detection  Limit  is 
detailed  in  Appendix  B. 

The  results  of  the  method  verification  experiments  for  assessing  the 
effectiveness  of  the  hot  gas  decontamination  process  imply  that  the  sampling 
and  analytical  techniques  evaluated  can  detect  HD  from  pulverized  concrete, 
the  surface  of  painted  or  unpainted  concrete  and  steel,  and  in  soils.  The 
results  of  the  sampling  process  developed  for  the  collection  of  pulverized 
concrete  samples  at  depth  (see  Appendix  B)  does  not  destroy  HD  as  it  samples. 
The  methods  for  extracting  HD  from  pulverized  concrete  or  soil  are  suitable 
for  quantitative  analysis. 

The  results  of  surface  swab  techniques  indicates  that  these  methods  are 
suitable  only  as  a  screening  method  to  determine  if  HD  is  present  on  a 
surface.  The  results  of  the  swab  experiments  indicate  a  large  discrepancy  in 
the  recovery  data.  This  discrepancy  was  determined  to  be  the  result  of 
changes  in  the  length  of  time  after  exposure  to  HD.  The  initial  experiments 
conducted  by  Dugway  were  performed  with  a  minimum  length  of  time  between 
exposure  and  swab.  This  was  determined  not  to  be  representative  of  test 
conditions  and  the  recovery  experiments  were  repeated  using  an  approximately 


30  minute  exposure  period  and  results  agreed  well  with  the  studies  conducted 
at  Battel le. 
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TABLE  8-1.  RESULTS  OF  METHOD  VERIFICATION  STUDIES. 


Method 

Battel! e 

Duawav  #1 

Duowav  #2 

TDL 

Pulverized  Concrete 
Extraction 

95% 

91% 

90%  &  95% 

.5  yug/g  concrete 

Soil  Extraction 

96% 

75% 

.7  xjg/g  soil 

Concrete  Swab 

4.2% 

67% 

8% 

10  mg/in^ 

Painted  Concrete  Swab 

100% 

29% 

2.76  mg/in^ 

Steel .  Swab 

100% 

80% 

1.0  mg/in^ 

Painted  Steel  Swab 

80% 

96% 

69% 

1.2  mg/in^ 

*  Recovery  From  Painted  Concrete  Surface 
TDL  Theoretical  Detection  Limit 


9.0  PILOT  TEST  ENVIRONMENTAL  AND  SAFETY  REQUIREMENTS 


The  decision  to  conduct  the  pilot  test  at  DPG  in  an  environmentally 
controlled  test  chamber  eliminated  the  need  for  obtaining  environmental 
permits.  It  was  possible  to  run  the  exhaust  stream  through  a  charcoal  filter 
system,  which  controlled  the  release  of  possible  pollutants  to  the  atmosphere 
and  eliminated  the  need  for  an  afterburner. 

Army  safety  regulations  relevant  to  the  pilot  test  at  DPG  were 
identified,  collected  and  reviewed.  Since  DPG  personnel  actually  ran  the 
pilot  test,  DPG  was  responsible  for  on  site  safety  during  the  spiking 
operation  and  the  test  operation.  DPG  policies  and  other  applicable  safety 

and  surety  regulations  were  followed  by  all  participants. 
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10-0  CONCLUSIONS 

The  following  conclusions  from  the  pilot  test  results  may  be  drawn: 

1.  The  hot  gas  decontamination  process,  as  demonstrated  in  this 
first  large-scale  pilot  scale  test,  effectively  removes 
chemical  agent  HD  from  painted  and  unpainted  concrete  and 
painted  and  unpainted  steel.  Low  concentrations  of  HD  that  have 
been  absorbed  into  concrete  decrease  to  levels  below 
theoretical  detection  limits  available  by  the  best  available 
technology  (500  ppb,  see  below)  when  subjected  to  the  hot  gas 
process.  Use  of  the  hot  gas  decontamination  process  initially 
results  in  the  release  of  measurable  concentrations  of  agent 
in  the  purge  gas  exhaust  stream.  The  agent  concentration 
decreases  to  below  detectable  levels  as  the  process  is 
continued. 

2.  The  engineering  aspects  of  implementing  the  hot  gas  system  are 
well  defined.  Beyond  site-specific  modifications,  no  major 
changes  to  the  hot  gas  burner  system  or  ,etup  are  needed  to 
make  the  design  field -ready. 

3.  The  laboratory  methods  verification  study  shows  that  the 

methods  for  extracting  HD  from  pu^e^red  concrete  and  soils 
work  well  and  give  verifiable,  cv.^titative  results.  The 

theoretical  detection  limit  for  this  method  is  approximately 
0,5  ug  of  HD/g  concrete  or  soil,  or  about  500  ppb. 

4.  Sampling  concrete  in  the  field  to  depths  rf  about  two  inches 
from  the  surface  is  possible  by  pulverising  the  concrete  with 
an  electric  drill  and  collecting  the  fines  for  analysis.  This 
method  is  appropriate  for  collecting  samples  of  up  to  10  grams 
of  concrete. 


Sampling  the  surfaces  of  unpainted  and  painted  steel  and 
concrete  is  possible  by  wiping  a  cotton  swab  on  the  surface  and 
extracting  the  swab  with  solvent.  However,  this  method  is 
strictly  a  screening  technique  and  should  not  be  used  for 
quantitative  purposes  because  the  recovery  of  HD  is  not 
statistically  verifiable. 

The  hot  gas  process  did  not  cause  visible  structural  damage  to 
a  small  concrete  and  steel  building  in  which  the  gas 
temperature  was  held  at  750°F  for  19  hours,  and  the  wall 
temperatures  exceeded  300°F  for  one  hour.  However,  no 
structural  testing  was  conducted.  Paint  remains  intact  on 
concrete  surfaces,  but  chalks  and  flakes  off  the  steel 
surfaces . 
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11.0  RECOMMENDATIONS 


This  study  of  a  hot  gas  decontamination  process  is  the  first  time  that 
building  materials  were  heated  while  effluent  HD  was  sampled  and  analyzed. 
The  study  was  successful  and,  as  would  be  expected,  many  lessons  were  learned 
that  will  be  useful  in  making  subsequent  work  in  this  area  more  effective.  The 
nature  of  the  results  and  conclusions  as  well  as  the  practical  experience 
gained  from  this  study  suggest  some  recommendations  for  future  activities  and 
further  research. 

During  the  pilot  study  large  amounts  of  water  were  released  from  the 
concrete  as  it  was  heated.  To  avoid  air  sampling  complications,  future 
efforts  should  utilize  specialized  stack  sampling  apparatus  designed  for  ACAMS 
application  to  furnace  exhaust  stacks.  Off-gas  sampling  by  solid  sorbent 
technology  should  also  be  used  in  future  testing. 

In  order  for  the  hot  gas  decontamination  technology  to  be  used  with  a 
high  rate  of  confidence,  a  sampling  protocol  will  have  to  be  developed  that 
will  reliably  demonstrate  the  complete  removal  of  agent  from  real  buildings. 
Because  of  the  fact  that  no  residual  agent  concentration  criteria  exist  for  5x 
decontamination,  the  limits  eventually  decided  upon  will  undoubtedly  be  based 
upon  the  analytical  capabilities  developed  to  detect  these  residuals. 


The  ability  to  sample  and  analyze  contaminated  (or  uncontaminated)  building 
materials  adequately  needs  to  be  developed  and  refined  during  the  next  phase 
of  the  program  in  order  for  the  technology  to  gain  credibility. 
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APPENDIX  A 

SUBTASK  c  -  DESIGN  REVIEW 


SUBTASK  II  REPORT 


DESIGN  REVIEW 

INTRODUCTION 

The  purpose  of  this  subtask  was  to  review  the  Report  of  Phase 
II  of  this  effort  as  it  relates  to  thermal  decontamination  of  structures, 
particularly  Appendix  VI  in  Report  AMX-TE-TR-85012.  As  part  of  this 
review,  a  tentative  design  was  prepared  for  ^he  equipment  needed  for 
the  tests  on  building  decontamination.  The  tentative  design  used  the 
generic  information  in  the  Phase  II  and  converts  it  into  a  specific 
design  for  the  present  program. 

This  subtask  report  was  prepared  early  in  the  program  and 
is  intended  to  provide  interface  information  to  the  other  subtask 
leaders. 

In  the  present  program  a  small  room  will  be  built  and 
contaminated  with  mustard.  The  hot  gas  concept  will  then  be  used  to 
decontaminate  the  building.  The  test  will  be  performed  in  the  Defensive 
Testing  Center  at  Dugway  Proving  Grounds. 

The  major  difference  in  the  decontamination  requirements 
of  this  test  and  the  generic  buildings  described  in  the  previous  report 
is  that  the  size  of  the  building  to  be  decontaminated  in  this  test 
is  much  smaller  than  the  buildings  listed  in  the  report.  Because  of 
the  smaller  size,  the  heating  rate  of  the  building  can  be  much  faster 
than  the  rates  suggested  in  the  Phase  II  report. 


DESIGN  REVIEW 


Combustion  Systems 

The  combustion  systems  recommended  in  the  report  are  acceptable 
and  adequate  for  the  generic  buildings  they  were  designed  to 


decontaminate.  The  design  did  not  address  the  needs  for  controls  on 
the  burners  or  for  heat  distribution  within  the  building,  important 
items  for  a  specific  design  but  beyond  the  scope  of  the  Phase  II  design. 

Temperature  Limit 


The  maximum  heating  of  the  building  was  not  addressed,  nor 
was  the  rate  of  heating.  Other  parts  of  the  report  indicated  concrete 
was  not  seriously  damaged  when  heated  to  temperatures  below  750°F. 
Overheating  of  the  concrete  could  make  the  building  unusable  or  in 
some  cases,  dangerous  to  enter  following  decontamination. 

Heating  Rate 


Various  parts  of  the  building  will  heat  at  different  rates. 
Thin  walls  and  equipment  within  the  building  will  heat  to  the  gas 
temperature  rapidly.  The  outside  of  thick  walls  and  the  floor  may 
take  days  to  heat  to  decontamination  temperature.  The  Phase  II  report 
did  not  address  methods  of  preventing  overheating  of  parts  of  the 
building  while  other  parts  were  still  below  decontamination  temperature. 

Afterburner 


The  afterburner  design  parameters  have  been  standardized 
for  agent  destruction  (2  seconds  at  2,000°F)  and  the  Phase  II  report 
follows  these  standards. 

An  afterburner  is  not  required  for  the  proposed  experiments 
because  the  DTC  at  Dugway  prevents  agent  release  to  the  environment 
by  the  use  of  carbon  filters. 


Hot  Gas  Cooling 

In  the  Phase  II  report,  the  three  variations  of  the  hot  gas 
concept  shown  in  Figure  1  were  evaluated.  The  quencher  concept.  Figure 
1C,  was  selected  because  it  provided  for  redundant  agent  capture.  The 
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FIGURE  1.  HOT  GAS  APPLICATION  CONCEPTS  SELECTED  FOR 
ENGINEERING  EVALUATION 
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cost  differences  among  the  three  methods  were  less  than  the  probable 

errors  in  the  estimating  techniques. 

An  afterburner  will  be  needed  when  the  hot  gas  decontamination 
method  is  used  in  the  field.  The  hot  gas  from  the  afterburner  requires 
cooling  because  an  induced  draft  fan  is  necessary  (for  safety  reasons) 
to  maintain  a  negative  pressure  on  the  building  being  treated,  as  well 
as  on  the  afterburner.  Fans  that  operate  at  temperatures  aver  about 
600°F  are  very  expensive.  Therefore,  the  flue  gas  must  be  cooled  below 
600°F  before  it  flows  into  the  induced  draft  fan.  The  Phase  II  report 
evaluated  three  methods  of  cooling  the  flue  gas:  quencher  cooling, 

diluent  air  cooling,  and  heat  exchanger  cooling..  The  quencher  method 
of  cooling  was  recornnended .  However,  in  this  review,  we  reevaluated 
these  three  methods  and  found  that  dilution  air  is  to  be  preferred. 
Dilution  air  is  the  simplest  method  and  requires  minimum  capital  cost. 
It  requires  the  least  equipment  and  it  could  be  moved  with  minimum 

difficulty.  Since  the  decantami nation  equipment  will  probably  be  moved 
to  each  building  to  be  contaminated,  portability  is  a  major  advantage. 
The  quencher  requires  somewhat  more  equipment  and  also  requires  disposal 
of  a  liquid  waste  stream.  Disposal  of  a  liquid  waste  may  be  2  problem 
at  some  sites  and  was  not  considered  in  the  Pi»a§®  II  analysis.  The 

heat  exchange  method  of  cooling  requires  considerably  more  equipment 
than  air  dilution  cooling  and,  therefore,  is  rejected  in  this 
application.  The  preferred  cooling  method  is  application  specific 
and  this  recommendation  for  air  dilution  cooling  should  not  be 
extrapolated  to  other  applications.  The  dilution  air  method  of  cooling 
is  not  usually  preferred  in  applications  where  long  term  continuous 
operation  is  expected  or  in  applications  where  equipment  other  than 
a  low  pressure  induced  draft  fan  is  downstream  of  the  cooler. 


DESCRIPTION  OF  DEFENSIVE  TTST  CENTER 

A  structure  built  for  the  test  will  be  decontaminated  at 
Dugway  Proving  Ground  in  the  Defensive  Test  Center  (DTC).  The  DTC 
is  in  a  remote  area  at  least  a  mile  from  other  structures.  The  DTC 
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is  a  building  with  inside  dimensions  of  about  25  feet  wide,  50  feet 

long  and  20  feet  high.  A  door  at  one  end  opens  the  full  25  feet  and 
is  19  feet  high.  The  entire  building  is  lined  with  stainless  steel. 
Allowable  floor  loading  is  not  available.  The  floor  is  on  grade  and 
is  stainless  steel  over  concrete.  Concrete  floors  on  grade  typically 
have  an  allowable  loading  of  650  pounds  per  square  foot.  The  walls 
are  stainless  steel  on  the  inside  and  galvanized  steel  on  the  outside. 
Six  inches  of  foam  (polystyrene)  insulation  separates  the  two  walls. 

The  building  is  ventilated  through  HEPA-carbon  filter  systems 
in  both  the  inlet  and  outlet.  The  outlet  has  a  nominal  capacity  of 

6,000  cfm  and  the  inlet,  4,000  cfm.  A  control  system  balances  the 
flow  to  maintain  a  predetermined  negative  pressure.  The  inlet  filter 
is  to  prevent  agent  from  escaping  in  the  case  of  Dower  failure.  The 

inlet  air  can  be  temperature  controlled  between  -40°F  and  +160°F.  A 
60  ton  air  conditioner  is  used  to  cool  the  building.  Electricity  is 
used  for  heating.  In  addition,  a  venturi  scrubber  can  be  used  to  remove 
agent  from  the  chamber.  Dugway  personnel  could  not  provide  information 
on  the  flow  rate.  However,  12-inch  ducting  and  a  4x9-inch  venturi 

throat  would  indicate  a  flow  of  about  5,0$Q  cfm.  The  exhaust  is  returned 
to  the  test  chamber. 

Rooms  adjacent  to  the  main  room  are  used  for  equipment  and 
controls.  Many  electrical  and  thermocouple  leads  penetrate  the  wall 
between  the  test  chamber  and  the  control  *oom.  The  control  roo*i  contains 
a  computer  used  largely  for  data  recording.  Agent  isonitors  (RTW  and 
Morons)  could  be  placed  in  this  room. 

The  500  KW  power  used  by  the  test  facility  is  supplied  by 
a  long  power  line.  Two  100  KW  portable  generators  are  us&d  <iu  backup. 
Since  we  will  not  require  refrigeration,  additional  generators  probably 
v/ill  not  be  required. 

Water  Ss  trucked  to  the  site.  Agent  contaminated  water  must 
be  trucked  to  CAM0S  for  incineration.  Other  water  can  be  treated  by 
Dugway  and  discharged. 

Fuel  is  not  available.  Presumably,  a  tanker  loaded  with 
propane  will  be  brought  to  the  site  and  used  during  the  test. 
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The  elevation  at  Ougway  is  about  5,000  feet.  Therefore, 
all  gas  flow  calculations  will  require  pressure  correction. 

Since  Ougway  will  perform  all  operations  using  agent.  Battel le 
personnel  should  not  require  protection;  however,  Dugway  can  furnish 
masks  and  clothing.  Dugway 's  regulation  on  mustard  is  that  if  the 
concentration  in  air  is  less  than  0.003  mg  per  cubic  meter,  the  area 
can  be  entered  without  protection.  If  the  concentration  is  between 
0.003  and  0.5  mg  per  cubic  meter,  the  area  can  be  entered  in  Level 
A  clothing.  The  time  of  entry  is  limited  by  heat  stress  rather  than 
agent.  If  the  concentration  is  above  0.5  mg  per  cubic  meter,  entry 
is  prohibited.  These  limits  may  effect  the  method  of  contaminating 
our  test  structure. 

Once  the  test  structure  is  contaminated,  it  will  have  to 
be  heated  to  1,000°F  to  be  5X  decontamined. 

Dugway  has  a  chemical  lab  and  has  capability  for  sampling 
and  analysis. 


SERVICES  REQUIRED 

The  major  services  required  are  electricity,  fuel,  compressed 
air  and  water. 

The  electric  service  is  required  during  operation  for  the 
burner  blower,  for  ignition  of  the  burner  and  for  controls.  A  1  1/2 
HP  motor  probably  will  be  specified  for  the  blower.  The  controls  should 
take  less  than  5  KW.  Construction  will  require  welding  and,  therefore, 
about  a  10  KW  power  source.  The  DTC  building  is  equipped  with  a  500 
KW  source.  During  these  tests  the  DTC  equipment  is  expected  to  use 
less  than  100  KW  so  no  additional  power  should  be  required. 

A  fuel  source  is  required  to  supply  up  to  25  lb/hr  of  propane. 
The  total  usage  is  expected  to  be  about  500  pounds.  However.  1,000 
pounds  should  be  on  site  at  the  beginning  of  a  test  unless  a  method 
of  rapid  resupply  is  available. 

Compressed  air  is  required  for  instrumentation.  About  10 
cfm  at  100  PS  I  is  required.  If  an  instrument  air  supply  is  not  available 
at  the  DTC,  a  supply  can  be  purchased  for  about  $3,000  or  perhaps  rented. 


Water  is  required  for  the  venturi.  About  100  pounds/hour 
will  be  evaporated  during  the  test.  In  addition,  an  initial  charge 
for  the  venturi  system  of  several  hundred  gallons  will  be  required. 


TENTATIVE  DESIGN 


Two  major  items  are  required  for  the  project,  a  building 
to  be  contaminated,  and  a  method  for  decontaminating  the  building. 

Building 


The  proposed  structure  is  a  10-x  10-x  8-foot  building  with 
a  steel  door  frame  in  one  wall  as  sketched  in  Figure  2.  Each  wall 
of  the  building  will  be  made  of  a  different  material,  one  of  12-inch 
thick  concrete,  one  of  solid  cement  block,  one  of  hollow  cement  block, 
and  one  of  1/4-inch  steel  plate.  The  floor  will  be  one-half  12-inch 
thick  concrete  and  one-half  6-inch  thick  concrete.  The  entire  structure 
will  be  mounted  on  a  sand  base.  The  top  of  the  sand  and  the  building 
floor  will  be  2  feet  above  the  floor  of  the  DTC.  A  steel  door  frame 
will  be  built  into  one  of  the  concrete  block  walls.  Penetrations  for 
heating,  cooling,  and  room  exhaust  will  be  through  the  steel  wall  or 
ceiling.  The  entire  structure  will  be  insulated  with  high  temperature 
fiberglass  insulation  of  at  least  a  R- 10  rating.  Thermocouples  for 
measuring  heating  rates  will  be  located  at  a  later  design  stage. 

Heater  Design 

Figure  3  is  a  sketch  of  the  floor  and  controls  needed  for 
heating  the  room.  The  inlet  and  outlet  filters,  as  well  as  the  venturi 
are  part  of  the  DTC.  fhe  room  heater  is  a  burner  mounted  on  the  wall 
of  the  test  chamber.  A  high  velocity  nozzle  is  selected  to  stir  the 
air  in  the  room  eliminating  the  need  for  heat  distribution  baffles. 
A  thermocouple  in  the  room  actuates  a  control  to  modulate  the  fuel 
flow  to  the  burner.  A  constant  air  flow  to  the  burner  will  be  used. 
The  burner  maximum  capacity  will  be  in  the  500,000  Btu/hr  range.  Its 
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FIGURE  2.  SKETCH  OF  TEST  STRUCTURE 
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minimum  capacity  will  be  in  the  100,000  Btu/hr  range.  In  operation 
the  temperature  control  setpoint  will  be  ramped  up  to  750°F  at  a  rate 
(100°F  per  hour)  which  should  not  damage  ts-e  concrete  and  then  controlled 
at  750°F  until  the  outside  walls  and  floor  of  the  building  reach  300°F. 
A  300°F  temperature  will  be  maintained  for  one  hour  and  then  the  burner 
will  be  turned  off.  A  damper  to  allow  cool  air  to  enter  the  test 
structure  will  be  opened  and  the  building  cooled.  The  damper  will 
be  sized  to  allow  about  1,000  cfm  to  enter  the  chamber,  but  the  flow 
will  not  be  otherwise  controlled. 

The  major  design  parameters  are: 

Burner  rating 
Burner  Gas  Velocity 
Burner  Excess  Air 

Building  Pressure 
Propane 

Cooling  Air 
Max  Room  Temperature 
Hin  Outside  Wall  Temperature 


-  500,000  Btu/hr 

-  500  ft/mi n  at  rating 

-  Stoichiometric  at 
max  fire 

-  0.2  in.  negative 

-  minimum  1000  lb 
on  site 

-  1.GQ0  cfm 

-  750*F 

-  300°F 


The  only  design  parameter  that  is  critical  is  the  300°F  on 
the  outside  wall,  a  temperature  which  must  be  maintained  for  one  hour 
to  assure  decontamination.  Host  of  the  other  parameters  can  vary  by 
25  to  SO  percent  without  affecting  equipment  performance  or  test  results. 


Gas  Cooler  Design 


The  gas  from  the  test  chamber  will  be  at  750°F,  too  hot  for 
the  fan  in  the  venturi  scrubber.  However,  for  efficient  operation 
the  venturi  needs  a  high  air  velocity  and,  therefore,  a  high  flow  rate. 
The  air  required  for  efficient  venturi  operation  is  much  greater  than 
needed  for  cooling.  The  dilution  air  will  be  controlled  by  a  barometric 
damoer  which  will  be  adjusted  to  maintain  a  negative  pressure  in  the 
test  chamber. 


*-11 


Equipment  with  Long  Lead  Time 

The  equipment  required  is  all  conventional  and  should  be 
close  to  off-the-shelf.  The  major  time  required  is  expected  to  be 
for  assembly  and  checkout.  The  concrete  and  mortar  in  the  building 
should  cure  for  at  least  30  days  with  90  days  preferred. 

WASTES  GENERATED 


The  major  waste  generated  will  be  the  building  following 
the  test.  While  it  is  not  expected  to  be  contaminated,  present  rules 
require  that  it  be  heated  to  1,QQ0°F  to  assure  agent  destruction.  This 
will  not  be  done  during  the  test.  For  decontamination  it  should  be 
heated  to  1,000°F  and  then  buried.  The  structure  will  weigh  about 
30-40  tons.  The  outlet  filters  on  the  OTC  may  need  changing  following 
the  tests. 

Waste  water  will  be  generated  in  the  venturi  scrubber,  from 
building  washdown  if  needed  and  from  personnel  decontamination.  The 
quantity  generated  should  be  small  and  base  disposal  should  handle 
it. 

The  vasts  from  sampling  should  also  be  small  and  it  should 
be  disposable  at  Ougway, 

DATA  REQUIREMENTS 


The  operating  data  requirements  are  of  several  types:  control 
data,  daU  to  determine  that  the  equipment  is  operating  satisfactorily, 
and  data  to  correlate  with  agent  removal  froa  the  structure.  These 
data  will  be  temperature,  pressure,  and  agent  concentration  data.  Table 
1  lists  temperature  data  required.  Table  2  lists  pressure  data  required. 
Table  3  lists  flow  data  required.  Table  4  lists  agent  concentration 
data  required.  Table  5  lists  miscellaneous  data.  These  data  are  not 
expected  to  change  rapidly.  If  recorded  manually  they  should  be  taken 
hourly.  If  computer  recorded,  they  should  be  taken  at  about  10  minute 


TABLE  1.  TEMPERATURE  DATA  REQUIRED 


Location 

Function 

Inside  Room 

Control  Burner 

Inside  Concrete  Wall 

Agent  Removal 

Middle  Concrete  Wall 

Agent  Removal 

Outside  Concrete  Wall 

End  Test 

Inside  Solid  Block  Wall 

Agent  Removal 

Middle  Solid  Block  Wall 

Agent  Removal 

Outside  Solid  Block  Wall 

Agent  Removal 

Inside  Hollow  Block  Wall 

Agent  Removal 

Middle  Hollow  Block  Wall 

Agent  Removal 

Outside  Hollow  Block  Wall 

Agent  Removal 

Steel  Wall 

Agent  Removal 

Steel  Ceiling 

Agent  Removal 

Inside  6-inch  Floor 

Agent  Removal 

Outside  6-inch  Floor 

Agent  Removal 

Inside  12-inch  Floor 

Agent  Removal 

Middle  12-inch  Floor 

Agent  Removal 

Quts.de  12- inch  Floor 

Agent  Removal 

Bottom  Sand 

Agent  Removal 

DTC  Room 

Flow  Calculations 

Duct  from  Test  Room 

Flow  Calculations 

Ouct  to  Scrubber 

Flow  Calculations 

Duct  from  Scrubber 

Flow  Calculations 
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TABLE  2.  PRESSURE  DATA  REQUIRED 


Barometric  Pressure 
Pressure  in  OTC 
Pressure  in  Test  Room 
Pressure  in  Blower  Fan  Outlet 
Pressure  in  Propane  Tank 
Pressure  in  Venturi  Blower  Outlet 
Pressure  Drop  OTC  Inlet  Filter 
Pressure  Orop  OTC  Outlet  Filter 
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TABLE  3.  FLOW  DATA 


Air 

-  Burner  Blower 

Propane 

-  Burner  Blower 

Air 

-  From  Test  Chamber 

Air 

-  Cooling— To  Test  Chamber 

TABLE  4.  AGENT  CONCENTRATION 


Test  Chamber  -  Gas  Outlet 
DTC  Room 


TABLE  5.  MISCELLANEOUS  DATA 


Weight  -  Propane  in  Tank 

Level  -  Fluid  in  Venturi  Storage  Tank 
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intervals.  Data  on  propane  level,  venturi  water  level,  test  chamber 
temperature,  and  OTC  pressure  should  be  manually  recorded  to  assure 
that  the  operators  are  monitoring  the  process. 


HEAT  TRANSFER  ANALYSIS 


The  heat  transfer  analysis  was  made  on  a  preliminary  basis 
to  determine  the  equilibrium  temperature  in  the  walls  and  floor  and 

to  determine  the  time  needed  to  heat  the  outside  of  the  walls  ?nd  floor 
to  above  SOQ^F.  In  each  case  the  gas  temperature  in  the  room  is  assumed 
to  be  controlled  at  750°F,  a  temperature  limit  imposed  because  higher 
temperatures  significantly  damage  the  concrete.  In  addition  it  is 
assumed  that  the  outside  of  the  sand  under  the  building  and  the  air 
in  the  DTC  are  maintained  at  80°F.  The  gas-solid  heat  transfer 

coefficient  is  assumed  3.0  Btu/hr  ft20F  both  inside  and  outside  of 
the  building.  The  insulation  is  assumed  to  have  a  R-10  valve. 

Equilibrium  Temperatures 

Table  6  lists  the  equilibrium  temperatures  in  the  structure. 

Transient  Temperature 

Table  7  lists  the  time  required  for  the  entire  wall  or  floor 

to  reach  300°F.  The  time  required  to  heat  the  outside  of  the  wall 

to  300oF  was  estimated  using  a  Hottel  chart.  This  method  assumes  the 
insulation  has  zero  conductivity.  The  temperature  on  the  outside  of 
the  floor  was  estimated  using  a  Gumey-Lurie  chart  and  assuming  the 
sand  has  the  same  properties  as  concrete.  This  assumption  should  result 
in  a  time  to  heat  the  floor  longer  than  actually  required. 

As  seen  from  the  Table  7,  heating  the  floor  takes  longer 
than  any  other  surface.  In  addition,  the  time  to  heat  is  sensitive 
to  the  soil  underneath  it.  If  the  soil  has  a  high  thermal  conductivity 
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TABLE  6.  EQUILIBRIUM  TEMPERATURE  IN  STRUCTURE,  °F 


Gas 

Inside 

Wall 

Outside 

Wall 

Outside 

Insulation 

Cei?ing 

750 

730 

730 

100 

Steel  Wall 

750 

730 

730 

100 

Concrete  Moil 

750 

733 

606 

97 

Solid  Block  Wall 

750 

732 

641 

98 

follow  Bloc!;  Wall 

750 

732 

626 

98 

Floor,  12-inch 

750 

722 

415 

30 

TABLE  7.  TIME  REQUIRED  TO  HEAT  OUTSIDE 
OF  STRUCTURE  TO  300°F 


Surface  Time,  hr. 


Steel  Ceiling  0.25 

Steel  Wall  0.25 

12-inch  Concrete  Wall  16 

8-inch  Concrete  Block  Wall  8 

Hollow  Concrete  Block  Wall  2 

12-inch  Floor  56 
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typical  of  wet  soils,  the  floor  may  never  reach  temperature.  If  the 
soil  is  a  good  thermal  insulator,  the  floor  could  reach  temperature 
in  less  than  24  hours. 


Burner  Duty 


The  heat  required  of  the  burner  is  the  sum  of  the  heat  lost 
through  the  test  structure  walls  and  in  the  flue  gas  from  the  building. 
Assuming  150  SCFM  of  flue  gas  is  exhausted,  the  heat  in  the  flue  gas 
is  about  115,000  Btu/hr.  This  allows  for  40  SCFM  of  inleakage  air. 
The  building  must  be  very  tight  to  limit  the  inleakage  to  40  SCFM. 
Each  additional  SCFM  of  inleakage  will  increase  the  heat  required  by 
about  750  Btu/hr.  At  equilibrium,  the  heat  loss  through  the  building 
is  about  30,000  Btu/hr.  The  heat  stored  in  the  building  is  about 
4,000,000  Btu.  To  heat  the  structure  in  about  12  hours,  a  500,000 
Btu/hr  burner  is  required. 


Afterburner 


The  afterburner  shown  in  the  Phase  II  design  is  not  needed 
because  of  the  venturi  and  carbon  filter  agent  removal  system  built 
into  the  OTC.  The  maximum  burner  output  is  500,000  Btu/hr.  With  4,000 
cfm  ventilation  this  heat  input  would  result  in  a  temperature  rise 
of  about  110°F  in  the  OTC,  An  afterburner  would  be  needed  if  the  heat 
release  into  the  OTC  caused  excessive  heating  of  the  OTC.  The  OTC 
has  a  60  ton  air  conditioner  which  could  be  used  for  cooling  if  needed. 
For  the  type  of  test  needed,  a  heat  release  of  about  1,000.000  Btu 
per  hour  could  be  tolerated  when  using  the  air  conditioner  or  about 
300,000  Btu/hr  without  the  air  conditioner.  For  greater  heat  releases 
an  afterburner  would  be  required  and  the  exhaust  from  the  afterburner 
would  be  exhausted  directly  to  outside  of  the  OTC. 

Venturi 


Because  of  the  wet  venturi  scrubber,  water  will  evaporate 
and  the  temperature  should  not  rise  more  than  10-20,,F  with  a  500,000 
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Btu/hr  input.  Also  during  the  heating  cycle  only  about  150,000  Btu/hr 
is  released  into  the  room  and  the  rest  of  the  energy  goes  into  heating 
the  test  structure.  This  heat  release  should  be  completely  controlled 
by  evaporative  cooling  in  the  venturi.  At  the  start  of  the  cooling 
cycle  the  heat  release  is  on  the  order  of  500,000  Btu/hr.  This  heat 
release  rate  would  last  for  less  than  an  hour.  During  this  part  of 
the  cycle,  the  0TC  temperature  would  rise,  or  if  desired,  it  could 
be  controlled  using  the  DTC  refrigeration  system. 
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IMIBQDEmOH 


Since  World  War  II ,  the  O.S.  Army  has  been  involved  with  the 
production,  testing,  and  demilitarization  of  chemical  agents.  As 
a  result  of  these  activities,  Government  facilities  including  a 
variety  of  process  equipment  and  permanent  structures  were 
contaminated  with  Chemical  Surety  Materiel  (CSM).  When  the  U. S. 
Army  stopped  production  of  chemical  agents,  these  facilities  were 
decontaminated  using  existing  technology  and  put  on  an  inactive 
status.  These  structures  are  presently  candidates  for  excessing 
actions.  This  technical  report  discusses  the  experimental 
approach  followed  to  develop  analytical  procedures  to  sample 
structures  that  have  been  contaminated  during  previous  agent 
activities.  The  experimental  process  was  conducted  as  five 
individual  subtasks .  These  subtasks  were: 


*  Method  development  of  a  solvent  extraction  process 
for  HD  in  pulverized  concrete. 

*  Method  development  of  an  analytical  procedure  for  HD 
in  a  solid  concrete  matrix. 

*  Method  development  of  an  analytical  technique  for 
the  removal  of  HD  from  concrete  surfaces. 

*  Method  development  of  an  analytical  technique  for 
the  removal  of  HD  on  painted  steel  surfaces. 

*  Method  development  of  a  solvent  extraction  process 
for  HD  in  soil. 


A  series  of  tests  were  designed  within  each  subtask  to  evaluate 
the  method  of  sampling  and  the  proposed  analytical  method  to  be 
developed-  The  data  enclosed  were  generated  using  t’  >e 
experimental  approach  described  in  each  subtask  and  arc  the 
validation  data  for  each  of  the  proposed  test  methods. 

In  addition  to  validation  data  for  the  analytical  methods, 
the  method  of  sampling  used  in  the  laboratory  is  discussed  to 
provide  a  basis  for  the  development  of  the  actual  field  sampling 
methods.  The  sampling  methods  evaluated  in  the  laboratory  were 
designed  so  they  could  be  readily  adapted  to  field  sampling  with 
little  or  no  modification.  In  addition,  the  sampling  methods 
were  selected  in  anticipation  of  the  types  of  samples  necessary 
for  the  documentation  of  the  decontamination  process  testing  to 
be  conducted  at  Bugway  Proving  Ground.  The  testing  to  be 
conducted  at  Dugway  will  involve  sampling  of  a  structure  designed 
to  evaluate  the  hot-gas  decontamination  process. 

This  study  was  performed  for  the  0.  S.  Army  Toxic  and 
Hazardous  Materials  Agency  under  contract  Wo.  DAAA15~66-D-C001 . 


OBJECTIVE 


The  objective  of  this  study  was  to  develop  and  test 
analytical  methods  to  be  used  in  conjunction  with  surface  and 
subsurface  sampling  methods  of  concrete,  surface  sampling  methods 
of  painted  metal,  and  solvent  extraction  methods  for  HD  within 
soil.  The  analytical  procedures  developed  were  designed  so  they 
could  be  used  to  perform  an  evaluation  of  the  hot-gas 
decontamination  process  for  BD  at  Dugway  Proving  Ground. 


EXPERIMENTAL 


The  experimental  effort,  described  within  this  technical 
report,  was  performed  using  laboratory-scale  operations  and  neat 
HD  as  the  testing  CSM.  The  effort  was  conducted  to  determine  the 
analytical  recovery  of  the  methods  for  HD  under  similar  sampling 
conditions  as  those  anticipated  for  field  use  and  to  examine 
sampling  and  analysis  artifacts  that  could  present  a  problem  in 
the  analysis  of  these  collected  samples.  The  recovery  for  each 
method  was  evaluated  on  a  minimum  of  two  days  and  the  data 
combined  to  establish  a  method  recovery  and  theoretical  detection 
limit.  The  analytical  instrumentation  used  for  these  tests  was 
calibrated  daily  using  the  chromatographic  conditions  given  in 
Table  1. 


Table  1.  Gas  Chromatographic  Conditions  for  BD  Analysis 


Gas  Chromatograph: 

Detector: 

Column: 

Carrier  Gas*. 
Carrier  Velocity: 
Temperature  Program: 
Injector  Temp.: 
Detector  Temp . : 
Transfer  Line  Temp. : 
Injection  Volume: 


Hewlett  Packard  Hodel  588QA 
Flame  Photometric  Detector  equipped  with  a 
393  Tin  filter  for  sulfur  analysis 
SE-54  25  m  fused  silica  column  X  0.22  mm  I.D. 

2  urn  film  thickness 
Helium 
28  eta/ain. 

50  C  to  150  C  programed  at  16  C/mln. 

200  C 
200  C 
200  C 

2  uL,  splitless  injection 


The  experimental  protocols  followed  are  attached  in  appendix 
A.  give  specific  details  followed  for  each  experiment.  A  summary 
of  each  effort  is  presented  in  the  following  sections. 


1.  Method  Development  of  a  Solvent  Extraction. Process  for  HD _ in 

Pulverized  Concrete 


The  objective  of  the  initial  experiment  performed  was  to 
evaluate*  the  feasibility  of  using  an  organic  solvent  to  extract 
HD  from  concrete.  The  concrete  was  pulverized  for  two  reasons, 
one  to  simulate  the  samples  generated  by  drilling,  and  second  to 
facilitate  the  extraction  process  by  increasing  the  extraction 
surface  area.  The  concrete  was  pulverized,  using  an  grinding 
mill,  to  a  particle  size  that  would  pass  through  a  #4  standard 
sieve  (600  uM).  Individual  10  g  samples  of  the  concrete  were 
weighed  into  25  mL  Erlenmeyer  flasks  with  ground  glass  stoppers. 
The  weighed  concrete  samples  were  spiked  with  a  0-1  mg/g  loading 
of  HD.  The  spiked  samples  were  mixed  for  approximately  15 
seconds  by  shaking  and  permitted  to  stand  for  10  minutes  before 
being  extracted.  To  extract  the  samples,  a  5  mL  aliquot  of 
chloroform  was  added  to  each  flask  and  the  flasks  were  again 
shaken  by  hand  for  15  seconds.  The  samples  were  then  permitted 
to  stand  for  10  minutes.  After  the  10-minute  extraction  period, 
a  2  mL  aliquot  of  the  hexane  extract  was  removed,  filtered,  and 
placed  in  a  GC  vial  for  analysis.  The  samples  were  analyzed  by 
GC/flame  photometry  using  the  conditions  listed  in  Table  1. 
These  experiments  were  conducted  over  a  four-day  period.  The 
experiment  on  each  of  the  four  days  consisted  of  a  sample  set  of 
five  spiked  concrete  replicates,  a  single  blank  concrete  sample, 
and  a  recovery  sample.  The  recovery  sample  was  prepared  by 
spiking  1  mg  HD  in  5  mL  chloroform. 
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The  second  experimental  effort  was  conducted  following 
validation  of  the  previous  effort.  This  effort  determine  whether 
HD  could  be  detected  in  contaminate!-'  concrete  by  a  sampling  and 
sample  analysis  process.  Data  collected  indicate  that  HD  is  a 
persistent  chemical  agent  and  may  be  captured  inside  concrete 
structures  contaminated  by  military  operations.  The  experimental 
effort  developed  a  procedure  to  permit  sampling  of  solid 
structures  for  the  presence  of  residual  UD,  A  major 
consideration  for  the  sampling  effort  conducted  in  the  laboratory 
was  to  develop  a  method  that  could  be  readily  transferred  to  the 
field.  The  second  consideration  was  that  the  *aspliag  procedures 
examined  produce  a  minimum  amount  of  dust  during  the  sampling 
process.  This  is  a  necessary  requirement  to  ensure  safety  of  the 
sampling  personnel  and  to  prevent  the  spread  of  possible 
contamination.  A  third  consideration  was  to  minimize  the  amount 
of  structure  dismantling  or  destruction  needed  in  order  to 
collect  samples.  A  fourth  consideration  was  to  develop  a 


procedure  that  delivered  the  concrete  in  a  pulverized  state  ready 
for  extraction  so  additional  sample  preparation  was  not  needed. 

After  considering  the  possible  sampling  alternatives,  the 
decision  to  use  a  drilling  technique  was  made  based  upon  previous 
success  using  this  technique  for  other  compounds,  and  because  the 
sampling  technique  satisfied  the  above  considerations.  The 
decision  was  made  to  use  a  1/4  inch  masonry  drill  bit  instead  of 
a  larger  one  to  reduce  heat  caused  by  drilling.  The  reduction  in 
sample  size  generated  due  to  the  smaller  drill  size  was  resolved 
by  making  multiple  samplings  to  collect  enough  concrete  sample 
for  extraction.  The  smaller  drill  size  was  selected  due  to  a 
concern  that  the  heat  generated  while  using  a  larger  drill  may 
decompose  the  HD  during  the  sampling  process. 

The  laboratory  concrete  coupons  were  prepared  using  Portland 
cement  as  a  1  inch  thick,  5X5  inch  square  coupon.  The  concrete 
samples  were  marked  with  a  1  inch  square  in  the  center  of  the  5  X 
5  inch  coupons  prior  tc  spiking.  The  1  inch  square  area  was  then 
spiked  with  63.5  mg  (50  uL)  of  neat  HD  and  allowed  to  stand  for 
30  minutes.  The  spiked  coupons  were  then  placed  in  a  lucite  box 
to  prevent  the  drillings  from  being  entrained  in  the  fume  hood 
exhaust.  The  marked  sample  area  was  then  drilled  in  five 
different  locations  to  a  1/4  inch  depth  using  a  drill  press.  The 
concrete  drillings  were  collected  by  tapping  the  side  of  the 
Incite  box  and  transferred  to  a  4-dram  vial  containing  10  mL  of 
chloroform  as  the  extraction  solvent.  The  samples  were  shaken 
for  at  least  15  seconds  to  facilitate  the  extraction  and  allowed 
to  stand  for  10  minutes. 

After  the  extraction  period,  a  1.5  mL  of  the  sample  extract 
was  transferred  to  a  GC  vial  for  analysis,  using  the  conditions 
described  in  Table  1.  The  sample  vials  were  left  open  in  a  hood 
to  permit  evaporation  o£  the  hexane  so  that  a  concrete  sample 
weight  could  he  taken.  The  weight  of  the  concrete  dust  collected 
was  used  t.o  calculate  the  average  BD  contamination  level  in  the 
samples.  The  effort  was  conducted  on  two  separate  days  with  five 
spiked  replicates  per  day.  la  addition  to  the  five  spiked 
samples,  five  blank  concrete  samples  were  also  processed  to 
determine  whether  interferences  would  pose  an  analysis  problem. 
A  recovery  sample  was  also  prepared  by  spiking  SB  in  hexane  (on 
1/4  the  volume  spiked  on  the  coupon  (12.5  ui)  was  used  because 
only  1/4  the  total  spiked  surface  was  extracted). 
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of  HD  from  the  Surface  of  Concrete 


This  experiment  provided  a  method  for  removing  and  detecting 
residual  HD  on  concrete  surfaces  by  a  non- invasive  technique. 
The  sampling  method  employed  was  a  surface  swab  technique 
followed  by  GC  analysis.  The  swab  method  has  been  successfully 
used  as  a  screening  method  to  evaluate  surface  contamination  of 
other  compounds  and  provides  an  excellent  field  testing  rethod. 
To  perform  this  task,  a  series  of  5  X  5  inch  square  concrete 
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coupons  were  spiked  with  95  mg  (  75  uL  )  of  HO  divided  into  16 
equally  spaced  drops  of  neat  agent.  The  coupons  were  immediately 
swabbed  in  two  perpendicular  directions,  using  a  single  2X2 
inch  square  cottou  gauze  pad  which  had  been  previously  extracted 
using  a  soxhlet  extractor  with  hexane  as  the  solvent.  The 
cleaned  gauze  pad  was  saturated  with  hexane  prior  to  swabbing  the 
coupon  surface.  The  gauze  was  handled  by  forceps  during  all  of 
the  sampling  steps  to  prevent  contamination  after  the  solvent 
extraction  clean-up  of  the  gauze  pads. 

After  the  swabbing  process  was  completed,  the  gauze  pad  was 
placed  into  10  mL  of  hexane  in  a  4-dram  vial.  The  vial  was 
shaken  to  facilitate  the  extraction  of  the  cotton  swab.  An 
aliquot  was  removed  from  the  10  mL  extraction  volume  and  placed 
into  a  GC  vial  for  analysis,  using  conditions  described  in  Table 
1.  This  process  was  repeated  on  two  days  with  five  replicates 
per  day  of  spiked  coupons.  In  addition  to  the  spiked  coupons, 
five  recovery  samples  were  generated  by  spiking  95  mg  of  neat  HD 
into  a  4-dram  vial  containing  10  mL  of  hexane.  Five  swab  blanks 
were  also  analyzed  to  determine  whether  interferences  would  pose 
an  analytical  problem.  Blanks  were  generated  by  swabbing  and 
analyzing  a  non-spiked  concrete  coupon  as  describe  above  for  the 
spiked  samples. 


4.  Method  Development  of  an  Analytical  Technique  for  Removal  of 
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This  method  provided  a  means  for  removing  and  detecting 
residual  HD  on  painted  metal  surfaces.  The  sampling  method 
employed  was  a  surface  swab  technique  followed  by  GC  analysis. 
As  previously  stated,  the  swab  method  has  been  successfully  used 
as  a  screening  method  to  evaluate  surface  contamination  of  other 
compounds  and  provides  a  proven  field  sampling  method.  To 
perform  this  task,  5  X  5  inch  square  painted  metal  coupons  were 
spiked  with  16  equally  spaced  drops  of  neat  agent.  The  coupons 
were  swabbed  in  two  perpendicular  directions,  using  a  single  2  X 
2  inch  square  cotton  gauze  pad  which  was  previously  extracted 
using  a  soxhlet  extractor  with  hexane  as  the  solvent.  The 
cleaned  gauze  pad  was  soaked  in  hexane  prior  to  swabbing  the 
coupon  surface.  The  gauze  was  handled  by  forceps  to  prevent 
contamination  after  the  clean-up  extraction  of  the  gauze  pad. 

After  the  swabbing  process,  the  gause  was  placed  into  10  mL 
of  hexane  contained  la  a  4-dram  vial.  The  vial  was  shaken  to 
facilitate  the  extraction  of  the  cotton  swab.  An  aliquot  was 
removed  from  the  sample  extract  and  placed  into  a  GC  vial  for 
analysis,  using  conditions  described  in  Table  I.  This  process 
was  repeated  on  two  days  with  five  replicates  of  spiked  coupons 
per  day.  In  addition  to  the  spiked  coupons,  five  recovery 
samples  were  generated  by  spiking  95  og  of  neat  HD  into  a  4 -dram 
vial  containing  10  cL  of  hexane.  Five  swab  blanks  were  also 
analyzed  to  determine  if  interferences  would  pose  an  analytical 
problem.  The  blanks  were  generated  by  swabbing  and  analyzing  a 


noil-spiked  painted  metal  coupon  as  described  above  for  the  spiked 
samples . 


5.  Method  Development  of_a  Solvent  Extraction  Process  for  HD  in 
Soil 


This  experiment  evaluated  the  feasibility  of  using  an  organic 
solvent  to  extract  HD  from  soil.  The  soil  was  pulverized  using  a 
mortar  and  pestle  to  a  homogeneous  finely  divided  sample.  The 
soil  was  then  passed  through  a  #4  standard  sieve  to  remove  any 
particles  larger  600  uM.  The  sieved  and  blended  soil  was  split 
into  individual  10  g  samples  and  placed  in  25  mL  Erlenmeyer 
flasks  with  ground  glass  stoppers.  The  soil  was  then  spiked  with 
a  0 . 1  mg/g  loading  of  HD .  The  spiked  samples  were  mixed  for 
approximately  15  seconds  by  shaking  and  permitted  to  stand  for  10 
minutes  before  being  extracted.  To  extract  the  samples,  5  mL  of 
chloroform  was  added  to  each  flask  and  the  flasks  were  shaken  by 
hand  for  15  seconds.  Samples  were  permitted  to  stand  for  10 
minutes  prior  to  removing  a  2  mL  aliquot  of  the  hexane  extract. 
The  2  mL  aliquot  was  filtered  and  placed  in  a  GC  vial  for 
analysis.  The  samples  were  analyzed  by  GC/flame  photometry  using 
the  conditions  listed  in  Table  1.  The  experiment  was  conducted 
over  a  three-day  period,  using  five  spiked  replicates,  a  single 
blank  sample,  and  a  recovery  sample.  The  recovery  sample  was 
prepared  by  spiking  1  mg  of  neat  HD  in  5  mL  of  chloroform. 
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The  results  of  the  experiments  described  in  the  previous 
section  are  presented  in  the  following  tables.  The  data  for  each 
experiment  include  the  daily  experimental  results,  the  average 
(X) ,  standard  deviation  (SD),  and  the  calculated  recovery  for  the 
method.  In  addition  to  the  calculated  recovery,  a  theoretical 
melliod  detection  limit  and  method  relative  standard  deviation  (% 
RSD)  are  also  listed.  The  theoretical  method  detection  limit 
includes  the  method  recovery  and  the  instrumental  detection  limit 
as  indicated  below: 

Instrumental.  Detection  Limit  (IDL)  =  0.5  ug/mL  by  FPD 


(  IDL  )  X  (  sample  volume  ) 

Theoretical  Detection  =  _ 

Limit 

(  method  X  recovery  )  x  (  ample  weight.  ) 
(  multiplied  by  100  ) 
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The  results  of  the  solvent  extraction  process  for  HD  in 
pulverized  concrete  (Method  #1)  are  presented  in  Table  2.  The 
percent  recovery  compares  the  HD  concrete  sample  recovery 
(determined  by  using  the  extraction  method  and  the  measured 
result)  to  the  measured  recovery  of  HD  for  an  identical  volume  of 
solvent  in  the  absence  of  the  concrete. 

Table  2.  Results  of  the  Solvent  Extraction  Process  for  ED  in 
Pulverized  Concrete 


Sample 


Concrete  #1-6-18 
Concrete  #2-6-18 
Concrete  #3-6-18 
Concrete  #4-6-18 
Concrete  #5-6-18 
Concrete  Blank-6- :  l 

Concrete  #1-6-19 
Concrete  #2-6-19 
Concrete  #3-6-19 
Concrete  #4-6-19 
Concrete  #5-6-19 
Concrete  Blank-6-19 

Concrete  #1-6-20 
Concrete  #2-6-20 
Concrete  #3-6-20 
Concrete  #4-6-20 
Concrete  #5-6-20 
Concrete  Blank-6-20 

Concrete  #1-6-24 
Concrete  #2-6-24 
Concrete  #3-6-24 
Concrete  #4-6-24 
Concrete  #5-6-24 
Concrete  Blank-6 -24 

Method  Recovery  =  95  X 


Percent 

Recovery 


96 

93 

X=  92 

99 

SD=  5. 

88 

%RSD=  5. 

85 

BDL 

87 

86 

X=  90 

93 

SD=  3.2 

89 

%RSD=  3.5 

94 

BDL 

97 

100 

X=  99 

99 

SD=  1.2 

100 

XRSD=  1.2 

100 

BDL 

94 

99 

X=  98 

98 

SD=  2.2 

100 

*RSD=  2.3 

too 

BDL 

Method  XHSD  =  4.0 


BDL  =  Below  Detection  Limit 

Theoretical  Method  Detection  Limit  =0.3  ug/g  Concrete 


The  results  of  the  concrete  drill  sampling  study  (Method  #2) 
are  presented  in  Table  3. 

Table  3.  Results  of  the  Concrete  Drill  Sampling  Study  for  HD 


Sample 

Total  mg 
Recovered 

DS-1 -RECOVERY 

13 

DS-1-7-28 

14 

D5-2-7-28 

11 

DS-3-7-28 

10 

DS-4-7-28 

12 

DS-5-7-28 

22 

DS-1-7-29 

17 

DS-2-7-29 

9 

DS-3-7-29 

12 

DS-4-7-29 

10 

DS-5-7-29 

13 

DS-X-BLANK 

BDL 

DS-2-BLANK 

BDL 

DS-3-BLANK 

BDL 

DS-4-BLANK 

BDL 

DS- 5-BLANK 

BDL 

Contamination  level 
(  mg  HD/concrete  ) 


5.4 

X=  14  5.1 

SD=  4.3  3.4 

%RSD=  31  5.7 

106  X  RECOVERY  9.0 

10 

X-  12  5.7 

CD=  2.8  9-1 

XRSD=  22  4.0 

94  *  RECOVERY  5.2 


X=  6.3  mg  HD  /  g  concrete 


Method  Recovery  =  100  X 


Method  XBSD  =  29 


BDL  =  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  =  5  mg/sq.  inch  of  surface 


The  results  of  the  concrete  swab  sampling  study  Method  #3  are 
presented  in  Table  4. 


Table  4.  Eesulta  of  the  Concrete  Swab  Sampling  Study 


Sample  Total  mg 

Recovered 

SS-1-7-28  5 

SS-2-7-28  8  X=  5.4 

SS-3-7-28  5  SD=  1.4  6  X  RECOVERY 

SS-4-7-28  4  XRSD=  25 

SS-5-7-28  5 

SS-1-7-29  3 

SS-2-7-2&  4  X=  3 

SS-3-7-29  2  SD=  0.89  3  X  RECOVERY 

SS-4-7-29  2  XRSD=  30 

SS-5-7-29  4 

SS-l-BLANi;  BDL 

S3-2-BLANK  BDL 

SS-3-BLAJNK  BDL 

SS-4-BLANK  BDL 

SS-5-BLANK.  BDL 

Method  Recovery  s  4.2  X  Method  XRSE  =  40 

BDL  =  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  =  4.4  mg  /  sq.  ii.ch  of  surface 
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The  results  of  the  painted  steel  swab  sampling  study  Method 
#4  are  presented  in  Table  5. 

Table  5.  Results  of  the  Painted  Steel  Swab  Sampling  Study  for  HD 


Sample 

Total  mg 

Recovered 

SPS-1 

63 

SPS-2 

74 

X=  71 

SPS-3 

79 

SD=  6.8 

75  %  RECOVERY 

SPS-4 

62 

%RSB=  10 

SPS-5 

75 

SPS-6 

77 

SPS-7 

86 

X=  82 

SPS-8 

84 

SD=  3.3 

86  X  RECOVERY 

SPS-9 

83 

%R£D=  4.0 

SPS-10 

79 

SPS-Blank 

BDL 

SPS-Blank 

BDL 

SPS-Blank 

BDL 

SPS-Blank 

BDL 

SPS-Blank 

BDL 

Method  Recovery  =  80  X 

Method 

XRSD  =  10 

BDL  =  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  =0.25  mg/sq.  inch  of  surface 
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The  results  of  the  solvent  extraction  process  for  HD  in  soil 
study  Method  #5  are  presented  in  Table  6. 

Table  6.  Results  of  the  Solvent  Extraction  Process  for  HD  in  Soil 


Sample 

Percent  Recovery 

Soil  #1-6-19 

75 

Soil  #2-6-19 

89 

X=  88.; 

Soil  #3-6-19 

95 

SD=  6.9 

Soil  #4-6-19 

93 

XRSD=  7.8 

Soil  #5-6-19 

89 

Soil  Blank-6-19 

BDL 

Soil  #1-6-20 

100 

Soil  #2-6-20 

100 

X=  100 

Soil  #3-6-20 

100 

SD=  0.0 

Soil  #4-6-20 

100 

XRSD=  Q.O 

Soil  #5-6-20 

100 

Soil  Blank-6-20 

BDL 

Soil  #1-6-24 

100 

Soil  #2-6-24 

100 

X=  99 

Soil  #3-6-24 

100 

SD=  1.5 

Soil  #4-6-24 

99 

%RSD=  1.6 

Soil  #5-6-24 

96 

Soil  Blank-6-24 

BDL 

Method  Recovery  =  96  %  Method  XESD  =  5.6 

EDI*  =  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  =  0.5  ug/g  Soil 
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The  results  of  the  solvent  extraction  processes  for  both 
concrete  and  soil  indicate  that  SD  can  be  quantitatively 
extracted  from  these  matrices  and  analysed  by  gas  chromatographic 
techniques.  The  results  presented  in  Table  2  indicate  that  an 
expected  recovery  from  concrete  is  95  X  at  the  200  ug  HD/g 
concrete  spike  level  and  with  a  instrumental  detection  limit  of 
0.5  ug  HD/mL  hexane.  It  is  expected  that  0.3  ug  HD/g  concrete 
could  be  detected  using  this  method.  In  addition,  the  percent 
relative  standard  deviation  over  the  four-day  period  of  4.0  X 
indicates  the  method  has  suitable  reproducibility  for  a 
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quantitative  analyses. 

The  results  of  the  soil  extraction  presented  in  Table  6 
indicate  that  a  similar  recovery  of  96%  is  expected  at  a  200  ug 
QD/g  soil  spike  level.  Using  the  same  instrumental  detection 
limit  of  0.5  ug  HD/mL  hexane,  it  is  expected  that  a  0.5  ug  HD/g 
soil  could  be  detected  using  this  method.  The  soil  extraction 
method  yields  a  slightly  higher  percent  relative  standard 
deviation  (5.6  %)  but  still  within  the  acceptable  10  %  level  for 
a  GC  method.  Both  of  the  above  theoretical  method  detection 
limits  are  based  on  a  10  g  sample  and  5  mL  extraction  volume. 

The  results  of  the  concrete  drilling  experiments  presented  in 
Table  3  indicate  that  a  100  %  recovery  is  expected  using  this 
method  of  analysis  at  a  concrete  contamination  level  of  63.5  mg 
HD/sq.  inch  of  surface  area.  The  percent  relative  standard 
deviation  for  this  method  was  29  %.  This  level  of  variability  is 
relatively  high  for  a  typical  analytical  method,  however  with  the 
involved  spiking  and  sampling  process  the  value  is  appropriate. 
The  method  has  been  developed  to  determine  if  HD  is  present  and 
is  expected  to  be  suitable  for  this  measurement.  The  theoretical 
method  detection  limit  was  calculated  as  5  mg/sq  inch  of  surface, 
assuming  a  0.5  ug/mL  Instrumental  Detection  Limit  (IDL).  The 
validation  data  for  weight  of  sample  collected  indicate  the 
average  concentration  level  of  HD  found  in  the  concrete 
validation  samples  equalled  6.3  mg  HD/g  concrete.  This 
concentration  level  data  (  g/g  concrete  )  may  be  more  appropriate 
for  the  field  tests  as  the  method  of  reporting  the  amount  of  HD 
measured  for  a  concrete  sample  during  the  analytical  process. 
The  experimental  approach  of  using  a  1/4  inch  masonry  drill  bit 
was  very  successful  and  posed  no  problems  in  the  laboratory 
tests.  The  samples  were  easily  handled  and  provided  no 
analytical  problems  using  this  method.  The  theoretical  detection 
limit  for  the  drill  dust  concrete  samples  taken  in  the  field 
should  be  the  same  as  that  for  the  pulverised  concrete  study  of  1 
ug  HD/g  concrete  sampled  (wt./wt.  measurement)  since  a  similar 
method  recovery  was  observed. 

The  results  of  the  concrete  swab  sampling  study  are  presented 
in  Table  4.  The  data  indicates  a  low  recovery  can  be  expected 
from  surface  swab  samples.  These  data  verify  that  the  concrete 
is  extremely  porous  and  absorbs  the  CSM  immediately  upon  spiking 
the  surface.  The  HD  measured  is  that  amount  that  did  not 
penetrate  the  concrete  in  approximately  5  minutes  (the  time 
required  for  spiking).  The  test  does  show  that,  if  HD  is  present 
on  the  surface,  the  swab  technique  of  sampling  will  remove  at 
least  some  of  the  HD  from  the  surface  for  analysis.  The  blanks 
s>\c»ad  no  interferences  for  this  method  and  the  method  should 
t>  .jsfer  easily  to  the  field  for  screening  surface  contamination 
levels.  Based  upon  the  data  collected,  at  least  4.4  mg/sq  inch 
must  be  present  in  a  5  X  5  sq  inch  sampling  area  to  be  detected 
with  an  expected  percent  relative  standard  deviation  of  at  least 
40%.  This  high  level  of  variation  (40  %  USD)  precludes  this 
method  from  being  used  as  more  than  a  screening  method.  The 
cotton  swabs  used  for  the  sampling  must  be  pre-oxtracted  by 
soxhlet  extraction  prior  to  use  to  prevent  interferences.  The 
method  as  used  in  the  laboratory  should  transfer  easily  to  the 
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field  for  use  as  a  screening  method  for  HD  contamination  on 
surfaces  of  concrete. 

The  results  of  the  painted  steel  swab  sampling  study  are 
presented  in  Table  5.  The  data  indicate  a  major  increase  in 
recovery  and  reduced  level  of  variability  over  the  same  technique 
used  on  the  porous  concrete.  This  was  expected  since  the  metal 
does  not  present  the  physical  characteristics  of  absorbtion 
toward  the  CSM  demonstrated  by  concrete.  it  is  expected  that 
painted  concrete  (to  reduce  the  porosity)  will  present  similar 
recovery  results.  The  swabbing  of  painted  metal  produced  an  80  X 
recovery  and  a  lower  theoretical  detection  limit  of  0.25  mg/sq. 
inch  based  on  a  5  X  5  sq  inch  sampling  surface.  The  percent 
relative  standard  deviation  of  10%  RSD  represents  a  much  improved 
method  over  that  of  the  unpainted  concrete  samples.  The 
detection  limit  can  be  reduced  further  by  increasing  the  surface 
area  swabbed.  The  analytical  method  presented  no  analytical 
interferences  and  should  be  easily  transferred  to  the  field 
application. 
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The  methods  evaluated  for  this  study  all  appear  field  ready 
and  should  be  able  to  generate  samples  capable  of  assessing  the 
decontamination  effectiveness  of  the  hot-gas  process.  The 
methods  for  extracting  HD  from  concrete  or  soil  are  suitable  for 
quantitative  validation.  The  surface  swab  techniques  are  more  of 
a  screening  method  and  can  be  used  to  detect  residual  agent  on 
machinery  or  building  surfaces  caused  by  spills  or  contamination 
due  to  the  demilitarization  processes  that  were  performed.  It 
should  be  noted  that  the  HD  contamination  on  untreated  concrete 
has  probably  penetrated  below  the  surface  and  the  drill  technique 
will  prove  to  be  a  more  feasible  method  of  sampling.  The  drill 
technique,  although  limited  in  depth  in  the  laboratory,  should 
not  present  a  problem  in  doing  depth  profiles  through  the 
concrete.  The  1/4  inch  drill  size  does  not  present  a  heating 
problem  when  1/4  to  1/2  inch  depths  are  drilled  at  appropriate 
intervals.  No  observations  were  made  during  the  laboratory 
experiments  that  would  prevent  these  methods  from  being  used  to 
sample  the  designated  facility  at  Dugway  Proving  Ground. 
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STANDARD  OPERATING  PROCEDURE 
FOR  ANALYSIS  OF  HD  IN  SOILS  AND  CONCRETE 


I .  Statement  cf  Work 

Since  World  War  II,  the  L'.S.  Army  has  been  involved  with  the 
production,  testing  ,  and  demi litarisaticn  of  chemical  agents. 
As  a  result  of  these  activities,  Government  facilities  including 
a  variety  of  process  equipment  and  permanent  structures  were 
ontaminatad  with  SB,  VX,  and  HD.  When  the  Army  stepped 
'•eduction  of  chemical  agents,  these  facilities  were 
©contaminated  and  put  cn  an  inactive  status  and  are  candidates 
far  excsssing  actions. 

As  pa't  of  this  test  program,  a  method  of  on-site  building 
mate'-ial  sampling  and  C3N  analysis  must  be  developed  and  tested 
to  dete-mi r.~  the  level  of  decontamination  of  the  structure  and 
the  surrounding  a»  ea. 

A  series  of  tests  has  teen  designed  to  test  a  method  of 
sampling  soil  and  pulverised  concrete  challenged  with  dilute  HD. 
Tha  samples  obtained  will  then  be  anal>ced  for  residual  HD. 


1 1 .  Cb iscti ve 

The  abjective  af  this  study  is  to  develop  a  sampling  and 
analytical  method  to  determine  the  presence  of  HD  in  solid 
matrices  such  as  concrete  or  soil  after  they  have  been  finely 
divided  to  al low  fer  efficient  extraction.  This  SOP  is  for  the 
analysis  of  samples  after  coil  set*  or.  using  any  sampling  method 
that  produces  a  finely  divided  concrete  or  soil  sample. 


111.  Water!  ala  and  .Equipment  Dealer, 
A.  Na  t  er  ;  g  1  s 


Pulverised  Concrete,  as  required 

<  iffl  sieve  sice 

Pulverised  soil*  as  required 

t  $4  sieve  sice 


Hexane  (ACS) , 
glass  distilled. 


as  requires 


4.  Chloroform  (ACS) , 


required 


V 


reagent  grade 
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8. 


9. 


12. 


14. 


16. 

I?. 


19. 

'JO. 

zi. 
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& 

Jjfci 


glass  distilled,  reagent  grade 

Erlenmeyer  Flask,  25  mL 
with  ground-glass  stepper 

Pasteur  Pi  pet s 

GC  Auto-sample  Vials 

4  Dram  Vials 

Drummond  Pos i t i ve 
Displacement  Pi  pet 
0  -  25  uL,  0  -100  uL 

Hamilton  Syringe, 

' 0  uL,  500  uL 

Gel  man  Syringe  Filters 


E'a'  ance 

Vo . urn  s t  r i c ,  l  o  mu 
Alcona::  Solution,  511 
Distilled  water 
Acetone 


Ml?  Masfc 


Duty l  ftubbe*“  Aprons 

Late:;  Rubber  G1  cues 

12-  mil  Butyl  ftubaer  Gloves 

Kiaw'.jses/ScfU  Cotes 

Microwipes 

Pyrex  Baking  Dish 

Wash  Settle  Containing  Bleach 

4-Liter  Cscon  Bucl  et 
Containing  Bleach 


12  each 


jh 

as  required 

K 

as  required 

s 

as  required 

1  each 

& 

2  each 

as  required 

§ 

1  eac*. 

& 

as  .squired 

v* 

as  required 

s 

t  ■» '1 

as  reouired 

as  required 

V 

V 

1  i  person 

ft 

1  /  person 

tit 

as  required 

•'I 

A 

as  required 

C 

as  required 

is 

as  required 

as  required 

5s 

as  required 

M 

as  required 

(0*f' 


& 


S5r 
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Acoare-tus  Design 


The  only  test  apparatus  required  tor  these  tests  are 
the  25  ir.L  Erlenmeyer  flasks  and  the  balance.  All  work, 
except  analysis  of  the  extract  samples,  will  be  conducted 
within  a  fume  hood. 


Analytical  Technique 


A  Hewlett  Packard  Model  5S30A  gas  chromatograph  or 
equivalent,  equipped  with  either  a  Flame  Photometric  Detector 
with  the  39T  am  window  for  sulfur  or  an  Electrolytic  Conductivity 
Detector,  and  ar  appropriate  data  system  and  printer  and/or 
plotter  is  required  to  perform  this  method. 

o  data  system  is  interfaced  to  the  SC  to  allow  acquisition 
of  the  signal  from  the  detector  for  the  duration  of  the 
chr omatocraphj c  p»  cgr?n.  The  computer  system  is  equipped  with 
eto-aoe  devices  for  saving  the  data  from  the  GC  runs.  Computer 
software  is  used  to  integrate  the  area  under  chromatograph i c 
peaks  * cr  quant* f teat; on.  An  automatic  sample  injector  and  Its 
associated  data  svatea  will  allow  unattended  analysis  cf  saw.ss. 


Paremsts-s 


Chromatographic  Conditions: 

Column; 

Carrier; 

Flow: 

Injection  Volume; 
Column  Temp: 

Detector  Tarp; 
Injector  Ta»p: 


0  «  5v0  um  SC-  k  10  meters 
DS-5  column 
He; *um 
TO  mi /min 
r-  ui 

approx i  mate!  y  ITO^C 
isothermal 

200  *•£  ■ 


Test  Conditions  4? 


:.r4  **«;**»< 


A.  CSMt  Meat  HQ 
E,  Tamper sturss  Amp i ant 


-  approximately  bE-* 


Ex tree 


a 1  vent:  Chlcrcfcrm 
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Test  Matrix: 
Day  1 


5  concrete  samples  spiked  with 
100  uL  of  10  mg/mL  HD  solution 

1  concrete  blank/no  HD  spike 

5  soil  samples  spiked  with 

100  uL  of  10  mg/mL  HD  solution 

1  soil  blank /no  HD  spike 


Da--  2 


Repeat  Day  1  tests 


Da  ✓ 


Repeat  day  1  tests 


V  5  i  Gene-? 1  Frot.?^^5 

A.  Concrete/£ai 1  Extraction 

The  f cl  towing  procedure  will  be  used  is  obtain 
attraction  samples  from  both  pulverised  concrete  and 
pulverised  soil.  Each  day*  5  concrete  and  S  soil  samples 
will  be  run,  alone  with  1  blank  of  each  material. 


The  test  will  be  conducted  by  placing  10  g  of 
pulverised  ccncrete/ssi  1  in  a  25  arJL  Erlenraever  flask.  The 
concrete  soil  will  then  be  challenged  with  130  oL  of  a  1*1 
tsg/arL  HD  solution  and  the  flask  shaken  by  hand  for 
appr o<: icately  IS  seconds.  The  sample  will  be  allowed  to 
stand  for  i«3  minutes.  After  that  time  period,  5  n_  c-f 
chloroform  will  be  added  and  the  sample  will  again  be  shaken 
by  Hand  for  appro* iesetel y  15  seconds.  The  sample  will  then 
be  allowed  tc  stand  fer  another  10  minutes.  Following  that, 
an  aliquot  of  the  extract  will  be  withdrawn  fren  the  flask, 
filtered,  and  placed  in  a  SC  auto-sample  vial.  The  extract 
will  then  bo  analysed  for  HD. 
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B.  Analytical  Procedure 

3.  Sample  Handling  and  Preservation 


Upon  receipt,  the  XCSM  samples  will  be  stored  in  a 
hood  or  secured  container  at  4°C  until  the  time  of 
analysis.  The  samples  will  be  allowed  to  warm  to  room 
temperature  prior  to  analysis.  The  samples  must  be 
analyzed  within  five  days  of  collection.  After 
analysis,  the  sample  is  returned  to  the  hood  or  secured 
refrigerator  in  the  event  re-analysis  is  required. 
Otherwise,  the  sample  is  decontaminated  prior  to  proper 
disposal.  Standard  solutions  will  be  stored  at  4  C 
from  the  start  of  the  analyses  and  periodically 
analyzed  to  verify  that  noticeable  decomposition  does 
not  occur  upon  extended  storage. 

2.  GC  Calibration 


The  instrument  is  initially  calibrated  with  five 
standards.  ft  calibration  curve  is  mode  by  plotting  the 
peak  areas  versus  concentration  and  a  line  is 
constructed  using  linear  regression  analysis.  Daily 
calibration  checks  are  executed  by  analyzing  three 
standards  of  differing  concentrations  at  the  beginning 
of  each  day.  The  peak  areas  are  compared  against  those 
obtained  from  the  initial  calibration.  Recalibration 
with  the  five  standards  is  required  when  the  GC  system 
has  r.ot  beer,  operated  for  one  week  or  longer  or  when 
the  peak  areas  for  the  calibration  checks  vary  mere 
than  +  10“/.  from  the  values  obtained  for  the  standards 
during  the  initial  calibration. 

3.  Sample  Analysis 

Once  the  instrument  has  been  properly  calibrated, 
analysis  of  the  samples  can  begin.  The  samples  are 
analyzed  by  injecting  3  ul  onto  the  GC  column.  As  a 
minimum,  a  standard/control  is  fun  after  evg-y  6 
samples  during  daily  operation.  Standard  deviation  is 
analyzed  after  every  six  samples  and  the  day's  analyses 
are  completed.  The  peak  areas  obtained  from  analyzing 
the  standards  are  compared  acainrt  the  initial 
calibration  data  and  should  agree  within  1  10'/..  If 
this  threshold  is  not  met,  the  instrument  is  considered 
te  be  out  of  calibration  anc  data  for  the  samples  are 
discarded.  The  system  i  a  recal  ior  atsd  _and  the  samples 
are  then  reanalyzed. 
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A.  GC  Calculations 

A  calibration  curve  is  generated  by  plotting  the 
data  obtained  from  the  initial  calibration.  The 
concentration  of  HD  in  the  standard  (x-axis)  is  plotted 
versus  the  appropriate  peal,  area  (y-axis).  A  graph  is 
plotted  by  subjecting  the  data  to  linear  regression 
anal /si s. 

The  concentration  of  HD  in  the  samples  is 
deter nined  by  extrapolation  of  the  peak  areas  to  the 
concentration  cf  HD  along  the  x-axis.  The 
ccncentrati or. ,  in  ug/mg,  of  KD  in  the  original  sample 
is  given  by: 


HD,  ug/g  =  _ A  x  5ml _ 

10  g  concrete  sample 

where  A  =  the  amount  of  HD  in  the  extract  determined 
from  GC  analysis. 


vl  I ,  irpe-ific  Procedure 

A.  10  flig/mL  HD  Stock  Solution 

1.  Mark  a  4-dram  vial  with  Teflon-lined  cap 
appropr i a tel y « 

C.  ripgt  9.9  mL  chloroform  into  4-dram  vial  and  seal 
with  Teflon-lined  cap, 

C.  Prepare  for  neat  HD  transfer  in  accordance  with 
che  procedures  defined  in  SOP  HML-0C1.  The  HD  stock 
solution  is  m~de  by  pipetting  91.0  uL  HD  into  the 
9,9  mu  chi or of orm  in  the  4-dram  vial. 


B.  3C  Calibration  Standards 

1.  Mark  5  4-dram  vials  with  Teflon-lined  cap 
appropriately . 

C.  Prepare  the  fallowing  GC  calibration  standards: 
1007.  -  COO  ug/mL  HD 
75V!  -  ISO  ug/mL  HD 

*«*’«» 


i£ 


* 


r* 

& 


I 


li 


<tsJ 


v 

5f 


5 


.“KVy V*. »>".> ng«if»  V*. a  •~m:« »  W-* Vi  *> *-> .y  V- -.t y»-y. ■  ,vv»y. y.: i.yv>. Piif-jf,  y. W~. 
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50*/.  -  100  ug/mL  HD 
257.  -  50  ug/mL  HD 

107.  -  20  ug/mL  HD 

C.  Concrete/Sail  Sair.pl  e  Extraction  Procedure 

1.  Obtain  12  25-mL  Erlerwr.eyer  flasks  and  mark 

appropriately. 

2.  Weigh  10  g  of  pulverized  concrete  or  pulverized 
soil  and  place  in  flask.  Repeat  until  6  flasks  contain 
concrete  and  6  flasks  contain  soil. 

3.  Place  the  flasks  containing  concrete  in  'the  fare 
hood.  Hood  workers  don  protective  equipment  ana  the 
two-man  rule  is  in  effect.  Obtain  the  10  mg/mL  HD 
stock  solution. 

4.  Challenge  the  first  flask  containing  concrete  with 
100  uL  of  the  10  .mg/mL  HD  stock  solution. 

5.  Stopper  the  flask  and  hand-shake  the  Erlenrr.eysr 
for  approximately  15  seconds  to  cover  the  HD  challenge. 
Set  flask  aside  within  the  fume  hood. 

6.  Repeat  steps  4  and  5  for  the  next  4  flasks 
containing  concrete. 

7.  Allow  the  flasks  to  stand  for  1C  minutes. 

S.  After  the  flasks  have  stood  for  10  minutes,  add 
5  mL  of  chloroform  to  the  first  flask  challenged  with 
HE.  Stopper  the  flask  and  hand-shake  fcr 

approx imataly  15  seconds.  Set  flask  aside  within  the 
fume  hood.  Allow  flask  to  stand  for  10  minutes. 

9.  Repeat  step  8  far  the  remaining  •  HD  challenged 
flasks  and  the  single  concrete  blank  for  a  total  of  6 
flasks  rnntaining  concrete. 

10.  Repeat  steps  4  through  9  for  the  flasks  containing 
soi  l . 

11.  Withdraw  an  aliquot  of  the  extract  with  a  pasteur 
pi  pet  and  place  in  a  500  uL  syringe  with  a  Gel  man 
filter  attached  to  the  end.  Filter  the  extract  into  a 
GC  auto-sample  vial  and  submit  it  for  HD  analysis. 

approved 
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12.  Repeat  step  11  for  the  remaining  concrete  and  sail 
samples. 

13.  Upon  completion  of  the  test  run,  decontaminate  all 
equipment  used  in  accordance  with  the  procedures 
defined  in  SOP  HML-10  and  dispose  of  waste  in 
accordance  with  SOP  HML-il.  Following  decontamination, 
the  Erlenmeyer  flasks  are  to  be  washed  in  the  fallowing 
manner; 

a.  Wash  with  5%  Alconox  solution 

b.  Rinse  with  hot  water 

c.  Rinse  with  distilled  water 

d.  Rinse  with  acetone. 

e.  Air  dry. 


approved 
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STANDARD  OPERATING  PROCEDURE 

FOR  NOVEL  PROCESSES  CONCRETE  SURFACE  AND  SUBSURFACE  SAMPLING 

DECONTAMINATION  STUDY 


I. 


Statement  o-f  Work 


Since  World  War  II,  the  U.S.  Army  has  been  involved  with  the 
production,  testing  ,  and  demilitarization  of  chemical  agerts. 
As  a  result  of  these  activities,  Government  facilities  including 
a  variety  of  process  equipment  and  permanent  structures  were 
contaminated  with  GB,  VX,  and  HD.  When  the  Army  stopped 
production  of  chemical  agents,  these  facilities  we-e 
decontaminated  and  put  on  an  inactive  status  and  are  candidates 
for  accessing  actions. 


As  part  of  this  test  program,  a  method  of  on-site  building 
material  sampling  and  CSM  analysis  must  be  developed  and  tested 
to  determine  the  level  of  decontamination  of  the  structure. 


A  series  of  tests  has  been 
obtaining  surface  swab  samples 


concrete  challenged  with 


be-  analyzed  for  residual 


neat 
HD . 


designed  to  test  a  method  of 
and  subsurface  drill  samples  cf 
HD.  The  samples  obtained  will  then 


The  objective  of  this  study  is  to  develop  and  test  a  method 
of  surface  and  subsurface  sampling  to  be  used  in  the 
decontamination  confirmation  tests  cn  existing  Government 
buildinas  that  were  once  contaminated  with  CSM. 


111.  Materials  and  Equipment  Design 
A.  Materials 


1.  Concrete  Test  Coupons 

a.  5"  X  5"  X  1/4"  -  Swab  Tests 

b.  5"  X  5"  X  1"  -  Drill  Tests 


as  needed 


Stainless  Steel  Coupons 
a.  5"  X  5"  X  l/S" 


as  needed 


Alkyd  Painted  Metal  Coupons 
a.  5"  X  5"  X  1/B" 


as  needed 


Coupon  Holder  Sox  -  Drill  Tests 


5  each 


t 
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6. 

7. 

S. 

9. 

10. 
It. 
12. 

13. 

14. 

15. 

16. 
17. 
13. 

19. 

20. 
21. 


A, 


26. 
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3/S"  Power  Drill  Press  1  each 


with  1/4"  tungsten  carbide  bit 
Coupon  Templates 


a.  Subsurface  Template 

b.  Surface  Template 

1  each 

1  each 

Solvents 

a.  Chloroform 

b.  Hexane 

as  needed 
as  needed 

Red  Marking  Pens 

as  needed 

4-Dram  Sample  Vials 

as  needed 

Pyre>.  Glass  Baking  Dishes 

as  needed 

Gauze  Pads,  2"  X  2"  X  12  Ply 

as  needed 

Forceps 

2  each 

GC  Auto-ir. jector  Viais 

as  needed 

Pasteur  Pi  pets 

as  needed 

Stop  Watch 

1  each 

Laboratory  Notebook 

1  each 

Hamilton  Syringe  with  Stepper, 

10  uL 

1  each 

Hamilton  Syringe,  1  mL 

1  each 

Micro  wipes 

as  needed 

Styrofoam  Vial  Holder 

1  each 

Acid  Brush 

as  needed 

Tape,  Duct 

as  needed 

Scf t-Cotes 

as  needed 

4-Liter  Deeon  Bucket  containing 

Bleach 

1  each 

Metal  Vial  Holder 

1  each 

Wash  Bottle  containing  Bleach 

1  each 

p.pPRO'ltO 
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Aprons 

10 

1  /  person 

28. 

M17  Mask 

1  /  person 

29. 

Latex  Rubber 

Gloves 

as  needed 

30. 

13  mil  Butyl 

Rubber  Gloves 

as  needed 

31. 

Balance 

1  each 

Plastic  Secondary  Container 

1  each 

>•••—*  • 

Chemical  surety  material  used 

in  the  testing  is 

authorized  under  Bailment  Agreement  DAAK1 1-84-H-0003. 
The  CSM  used  in  these  tests  will  be  HD. 


E.  Apparatus  Design 


The  test  apparatus  to  be  used  in  these  tests  will  be  a 
lucite  box  that  will  serve  to  collect  the  dust  generated  by 
d-illing  into  the  concrete  coupon  (  Figure  1.)  and  a  small 
drill  press  to  afford  easy  drilling  of  the  coupons. 


IV.  Analytical  Technicue 


The  surface  swab  samples  and  the  drill  dust  extraction 
samples  will  be  analyzed  on  a  Hewlett  Packard  5730A  Gas 
Chromatograph.  The  extraction  of  the  surface  swab  samples  will 
bs  done  using  hexane  and  the  drill  dust  extraction  will  be  done 
using  chloroform.  The  extract  samples  will  be  pipetted  into  GC 
auto-sample  vials  and  submitted  for  analysis. 


V. 


Test  Conditions 


A. 

Es 

C. 

D. 

E. 


CSM:  Neat  HD 

Temperature:  Ambient  -  approximately  63°F 

Test  Material:  Concrste/Pai nted  metal  coupons 
Solvent:  chloroform,  hexane 

3  coupons  will  be  tested  each  day  on  two  successive 
days  for  each  test  method  and  surface. 


APPROVED 


$ 
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■set  Matrix J 

Safety  Inspection.  obtain  background 
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S  blank  concrec 

prill  tests  on  - 
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recovery  tas^  l0  mU  cm 
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257-  o*  actua. 
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Challenge  5  concrete  coupons  with  HD,  Swab 
Test. 

Challenge  S  concrete  coupons  with  HD,  Drill 
Test. 


Dav  2 


Challenge  5  concrete  coupons  with  HD,  Swab 
Test. 

Challenge  5  concrete  coupons  with  HD,  Drill 
Test. 


Challenge  5  painted  metal  coupons  with  HD, 
Swab  Test 

Challenge  1  stainless  steel  coupon  with  HD, 
Swab  Test,  Maximum  Recovery 


Challenge  5  painted  metal  coupons  with  HD, 
Swab  Test 

Challenge  1  stainless  steel  coupon  with  HD, 
Swab  Test,  Maximum  Recovery. 


General  Procedure 


A.  Surface  Swab  Sampling  Test 

The  test  will  be  conducted  by  placing  75  uL  (95.25  mg) 
of  HD  on  the  surface  of  a  S'*  X  S'*  X  1/4"  concrete  coupon  in 
a  15  dct  pattern.  The  coupon  will  immediately  be  swabbed  in 
2  directions  with  a  gauze  pad  that  has  been  dipped  in 
hexane.  The  swab  is  then  placed  into  a  4-dracr-  vial 

containing  10  mL  of  hexane.  The  bottle  is  shaken  for  a 
period  of  time  and  an  aliquot  of  the  extract  is  placed  into 
a  GC  auto-sample  vial  and  submitted  for  G2  analysis. 
Duplicate  tests  of  5  coupons  will  be  conducted  or.  2 
successive  days. 

S.  Sub st- r* ace  Grill  Sampling  Test 

The  test  will  be  conducted  by  placing  a  5“  X  5"  X  1" 


M 
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concrete  coupon  into  a  Lucite  box  (Figure  1.).  50  uL 

(63.5  mg)  of  HD  will  be  applied  to  the  center  of  the  coupon 
within  a  defined  area  and  the  coupon  will  be  allowed  to 
stand  for  30  minutes.  Then  the  lid  of  the  box  will  be  taped 
into  place  and  5  holes  will  be  drilled  to  a  depth  of  1/4" 
depth  using  the  drill  press.  The  drill  dust  will  be 
transferred  into  a  4— dram  vial.  A  known  quantity  of 
chloroform  will  then  be  added  to  the  4-dram  vial  and  shaken 
far  a  period  of  time.  An  aliquot  of  the  extract  will  then 
be  placed  into  a  GC  auto-injection  vial  and  submitted  for 
anal v sis.  The  weight  of  each  concrete  sample  will  also  be 
obtained.  Duplicate  tests  of  5  coupons  will  be  conducted 
on  2  successive  days. 


VII.  Specific  Procedure 

A.  Surface  Swab  Sampling 

a.  Obtain  the  required  number  of  5"  X  5"  X  1/4" 
concrete/painted  metal  coupons. 

b.  Place  surface  template  (Figure  2)  on  surface  of 
coupon  and  mark  the  center  of  the  holes  with  a  red 
marking  pen.  Mark  sample  cooe  or.  coupon.  Repeat  for 
ail  coupons. 

c.  Mark  4-dram  vials  and  GC  auto-injection  vials  with 
the  appropriate  code. 

d.  Place  10  mL  hexane  in  each  4-dram  vial  and  seal 
with  a  Teflon-lined  cap. 

e.  Place  coupons  in  glass  baking  dishes  located 
withir.  the  fume  hood. 

f.  Position  gauze  pads,  forceps,  4-dram  vials,  GC 

vials,  pasteur  pi  pets,  and  2  2-os.  jars  filled  with 

hexane  inside  the  fume  hood. 

g.  Prepare  for  75  uL  HD  challenge  and  conduct  the 
challenge  cf  a  single  coupon  according  to  the 
procedures  defined  in  HML  SOP-21. 
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h.  Grasp  a  gause  pad  with  forceps  and  dip  the  pad 
in  hen are  frcm  a  2-os .  glass  jar.  Wipe  toe 
challenged  are*  of  the  coupon  in  one  direction,  fold 
the  pxd  over  and  swab  the  challenged  area  perpendicular 
to  the  first  swabbing. 
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i.  Mount  4-dram  vial  in  styrofoam  holder.  Fold  the 
pad  again  and  place  the  gauze  pad  into  the 
appropriately  marked  4-dram  vial  and  cap  vial.  Shake 
the  vial  fo r  IS  seconds  and  sst  the  vial  in  holder. 

j.  Rinse  -forceps  in  second  2-oz.  jar  containing 
hexane. 

k .  Repeat  steps  g  -  j  for  each  o-f  the  coupons  to 
tested. 

l.  -ol lowing  the  extraction  o-f  all  swabs,  place  a  1.5 
mL  aliquot  of  each  4-dram  vial  into  an  appropriately 
marked  SC  auto-injection  vial.  Submit  the  samples  for 
anal ysi s . 

m.  Upon  completion  of  the  test  runs,  the  test 
materials  and  test  apparatus  are  decontaminated 
according  to  the  procedures  defined  in  HML  SQF-tj  and 
waste  isdisposed  of  in  accordance  with  HML  SQP-il. 


E-,  But  surf  ace  Drill  Sampling 

a.  Obtain  the  required  number  of  5“  X  5“  X  1“ 
concrete  coupons. 

t*.  Place  subsurface  template  (Figure  3)  on  surface  cf 
coupon  and  mark  the  outline  of  the  1“  square  hole  or. 
the  surface  of  the  coupon  with  a  red  marking  pen. 
Mark  sample  code  on  coupon.  Repeat  for  all  coupons. 

c.  Mark  4-dr*m  vnais  and  GC  auto-in jectlen  vials  with 
the  appropriate  code.  Tare  each  4-dram  vial  in  the 
secondary  container. 

d.  Place  10  mL  of  chtorcf o-es  in  each  4-dram  vial  and 
seal  with  a  Teflon-lined  cap. 


e.  Place  a  concrete  coupon  into  each  cf  the  five 
plastic  boxes  (Figure  1.1,  place  lids  on  boxes,  and 
place  boxes  into  fume  hood. 

f.  Position  4-drara  via Is,  GC  auto— in jecticn  vials, 
and  d**ill  into  fume  hood. 

g.  Prepare  fGr  S0  uL  HD  challenge  and  conduct  the 
challenge  according  to  the  procedures  defined  in  HML 
SGF-21. 

APPROVED 
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h.  Allow  HD  to  stand  and  soak  into  the  coupons  -for 
30  minutes. 


i.  At  the  completion  of  the  soak  period,  secure  the 
lids  to  the  boxes  with  tape.  Position  a  single  box  in 
a  large  glass  baking  dish. 

j.  Using  the  drill  press, insert  drill  into  the  hole 
located  in  the  top  of  the  lucite  bo::  and  drill  a  1/4** 
deep  hole  into  the  coupon.  Pull  the  drill  bit  out  of 
the  coupon  and  maneuver  the  coupon  into  a  differenc 
position  and  drill  another  1/4“  deep  hole*  Repeat 
until  5  holes  are  drilled  into  the  surface  of  the 
coupon. 

i.  Remove  drill  from  the  hole  in  the  box  and  taps 
c- i 1 1  hols.  Shake  the  dri 1 1  powder  off  the  surface  of 
the  coupon  and  remove  the  tape  from  the  lid  of  the  box. 
Position  the  appropriate  4-dr am  vial  in  fume  hoed. 

1*  Opu-*  the  box  and  remove  the  concrete,  coupon  free* 
the  oou  and  place  it  in  dec on, 

Pcu:*  the  drill  powder  from  the  box  it  to  tha  4 -dr cm 
vial  and  cap  with  a  T«f  1  ar.-l  ineb  cap. 

r..  Set  box  aside  within  fume  hood*  Transfer  a  1.3  »L 
a  liquet  of  the  extract  to  an  appropriately  carted  GC 
vial . 

c.  Repeat  steps  a  -  n  for  each  of  tne  coupons  and  C5M 
to  be  tested. 


p.  Upon  completion  of  the  extract  analysis,  open  the 
4-dra*  vials  and  allow,  the  solvent  to  evaporate. 

q.  Gap  the  4-dr a»  vials  and  place  then  individually 
into  the  secondary  container  and  obtain  weight. 
Calculate  the  amount  of  concrete  if*  each  sample. 


r . 


Wipe  the  boxes  -with  solvent  and  allow  then  to  dry. 


s. 

an 


Upon  completion  of  the  test  runs,  the  materials 
d  test  apparatus  are  decontaminated  accordin';  to  th% 
scedures  defined  if,  SC*  HhL-10  and  waste  is  disposed 
as  outlined  in  SGP  HML-il. 


Ap?Xn,, 


r/rn. 


«/  '  ~ 


Hazardous  Materials  Laboratory 
HML  SDP-20-0S6-01 
July  1986 
Page  10  of  10 


2. 

o 

1/8"  HOLE 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

FIGURE  2.  SURFACE  TEMPLATE 
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TEST  PLAN  FOR  NOVEL 
PROCESS  DEMONSTRATION  AT 
DUGHAY  PROVING  GROUNDS 

to 

U.S.  ARMY  TOXIC  AND  HAZARDOUS 
MATERIALS  AGENCY 

ABERDEEN  PR0VIN6  GROUND,  MARYLAND 


I.  General  Information 
1.1  Project  Description 

The  objective  of  this  task,  Novel  Processing  Phase  III  Is  to 
conduct  a  pilot  test  of  the  hot  gas  decontamination  concept  as  inves¬ 
tigated  in  Phase  II  by  Battelle,  The  Phase  II  experimental  and  engine¬ 
ering  evaluations  demonstrated  the  feasibility  of  the  hot  gas  decontam- 
inaton  using  laboratory  samples.  Pilot  scale  test  under  controlled 
conditions  are  necessary  to  further  evaluate  the  hot  gas  decontamination 
process  prior  to  full-scale  impler  station. 

The  part  of  their  responsibilities  in  DoD  property  disposal, 
USATHAMA  must  Identify,  contain  and  eliminate  toxic  and  hazardous  materials 
where  facilities,  potentially  available  for  alternate  government  or 
private  use,  have  been  declared  excess  or  are  candidates  for  excessing. 

With  this  mandate,  USATHAMA  must  provide  not  only  the  technical  basis 
to  implement  decontamination  but  also  the  standards  to  ensure  decontam¬ 
ination  has  been  effective. 

Battelle  generated,  experimentally  evaluated,  and  performed 
engineering/economic  analyses  on  novel  building  decontamination  concepts 
under  separate  contract.  Based  on  the  results,  Battelle  and  USATHAMA 
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selected  the  hot  gas  decontamination  concept  for  field  evaluation. 
Maintaining  a  temperature  of  150  C  for  60  minutes  was  effective  in 
decontaminating  HD,  GB,  and  VX  contaminated  painted  and  unpainted  steels 
and  porous  materials.  A  steam  decontamination  concepts  and  an  OPAB* 
decontamination  concept  were  also  effective  decontaminants.  However, 
the  engineering  analysis  indicated  OPAB  would  be  less  effective  than 
either  steam  or  hot  gas,  while  the  economic  analysis  indicated  the 
hot  gas  concept  is  preferred  over  the  steam  concept. 

For  this  project  a  structure  will  be  constructed  of  4  different 
building  materials  including  poured  concrete,  hollow  block  wall,  solid 
block  wall  and  steel  plate.  The  structure  is  described  in  detail  in 
monthly  progress  reports  to  USATHAMA  under  this  contract.  The  structure 
will  be  constructed  by  a  subcontractor,  transported  to  Dugway  Proving 
Grounds  (DPG)  and  prior  to  testing,  the  structure  will  be  moved  into 
the  test  chamber.  The  original  plan  (August  20,  1986)  requested  that 
the  Defensive  Testing  Center  (DTC)  be  used  as  the  test  chamber.  This 
facility  was  visited  on  May  14  and  15,  1986  by  Battelle  engineers  and 
was  considered  to  be  the  size  and  level  of  control  required  for  this 
test  program.  Due  to  delays  in  availability  of  the  DTC  the  alternative 
chamber  in  Building  3008  will  be  used  for  this  program. 

The  test  structure  will  be  spiked  with  HD  solution  prior  to 
hot  gas  decontamination  demonstration.  The  idea  is  to  simulate  a  structure 
which  is  essentially  at  a  3x  level  of  contamination  and  is  typical 
of  structures  which  may  be  encountered  in  field  decontamination. 

A  hot  gas  generation  system  will  be  designed  by  Battelle  engineers 
and  then  coupled  to  the  building.  The  exhaust  gases  from  the  building 
will  be  cooled  and  evacuated  from  the  chamber  through  the  HEPA/Charcoal 
type  exhaust  filters  which  are  integral  to  the  chamber  operations. 

In  order  to  provide  validation  of  the  decontamination  efficiency, 
it  will  be  necessary  to  collect  samples  in  the  structure  both  before 
decontamination  and  after  decontamination.  Gaseous  monitoring  for 
HO  agent  will  also  be  required  to  demonstrate  the  release  rate  of  HD 
from  the  surfaces  and  also  for  safety  monitoring.  Finally,  physical 
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data  of  the  system  will  be  monitored  for  characterization  of  the  heat 
transfer  effectiveness  of  the  materials  as  related  to  agent  release. 

1.2  Location  of  Testing 

As  a  result  of  the  September  30  meeting  at  DPG,  the  USATHAMA 
project  officer  and  the  BCD  deputy  project  manager,  agreed  that  3008 
chamber  facility  at  DPG  offers  an  acceptable  facility  for  running  a 
controlled  experiment  of  this  nature.  By  using  known  spiked  coupons, 
state  of  the  art  monitoring,  and  controlled  environmental  conditions, 
the  feasibility  of  hot  gas  decontamination  may  be  demonstrated.  The 
chamber  allows  the  placement  of  a  large  structure  within  a  controlled 
environment.  The  coordination  of  available  support  facilities  at  DPG 
will  greatly  enhance  the  success  of  this  project. 

1.3  References 


The  following  references  are  relevant  to  the  background  and 
operations  of  this  project: 


"The  Development  of  Analytical  Methods  for  Determination  of  HD  Contamination 
In  or  On  Building  Materials"  Technical  Report  to  USATHAMA  Contract 
DAAA  1 5- 86- D- 0001,  Task  1,  Subtask  3,  August  IS,  1986. 

"Advanced  Development  and  Field  Testing  of  Novel  Process  Technologies 
to  Decontaminated  Chemical  Agent  Contaminated  Facilities",  Battelle 
Proposal  to  AMCCQM  Procurement  Directorate,  Aberdeen  Proving  Ground, 

July  19,  1985  on  RFPIDAAA- 15-85- R-0020 

"Development  of  Novel  Decontamination  and  Inerting  Techniques  for  Explosive 
Contaminated  Facilities,  Laboratory  Evaluation  of  Concepts".  Report 
No.  AMXTH-TF-TR-85009,  USATHAMA,  March,  1985. 

“Subtask  II  Report  on  Design  Review"  in  Battelle  Monthly  Report  to 
USATHAM,  Contract  0AAA15-86-D-0001,  June  16,  1986. 


1.4  Scope 


The  overall  scope  of  this  project  is  considered  as  a  one  time 
only  pilot  test  with  the  following  objectives: 


•  Determine  the  effects  of  the  hot  gas  process 
on  actual  structures  and  representative 
materials 

•  Perform  analysis  and  sampling  for  agents  on 
or  in  building  materials,  soils,  and  exhaust 
air  streams 

•  Demonstrate  the  feasibility  of  the  hot  gas 

.  process  in  pilot-scale  decontamination  tests 
of  contaminated  structure 

•  Confirm/refine  the  assumptions  made  in  previous 
engineering  and  economic  evaluations  such  that 
a  detailed  design  of  a  full-scale  process  can 
be  made . 

•  Obtain  data  for  use  in  satisfying  regulatory/ 
safety  agency  requirements  for  application  and 
validation  of  a  decontamination  process. 


It  is  recognized  that  In  order  to  accomplish  the  above  goals, 
a  joint  effort  by  personnel  of  DPG  and  BCD  will  be  required.  The  purpose 
of  this  Test  Plan  Is  to  delineate  the  areas  of  responsibility  and  the 
specific  requirements  for  each  party. 


1.5  limitations  and  Responsibilities 


The  following  project  limitations  and  responsibilities  are 
recognized  as  necessary  for  the  successful  operation  of  this  project. 


1)  Overall  management  of  the  project  will  be  with  BCD 
under  the  Battel le  project  manager  Dr.  William  McNeill, 
Battelle  Oenver  Operations  Office.  Dr.  McNeill  will 
report  all  progress  and  problems  directly  to  the 


USATHAMA  project  officer  Mr.  Andrew  Roach,  USATHAMA, 

Aberdeen  Proving  Grounds  who  win  have  final  review 
authority. 

2)  Operation  of  the  test  facility  will  be  the  responsibility  of 
DPG  personnel .  Contractual  arrangements  for  use  of 
the  facility  will  be  made  between  DPG  and  USATHAMA  as 
required. 

3}  The  preparation,  handling,  and  analyses  of  all  samples 
collected  at  DPG  will  be  the  responsibility  of  DPG 
personnel . 

4)  The  operation  of  the  hot  gas  generator  will  be  the 
responsibility  of  DPG  personnel  with  the  advice 

of  Battel le  personnel. 

5)  Construction  of  the  test  structure  and  delivery  to  Dugway 
will  be  by  Furst  Construction  (Salt  Lake  City  Utah)  and 
coordinated  with  DPG  operations.  Final  approval  of 
construction  will  be  by  BCD  engineers.  Support  requirements 
such  as  power  and  fuel  will  be  coordinated  with  DPG  by 

BCD  engineers. 

6)  Installation  of  the  structure  into  the  chamber  will  be 
by  DPG  personnel. 

7)  All  agent  handling  equipment,  agent  monitoring  Instruments, 
real  time  data  monitoring,  decontamination  of  personnel 
and  final  disposal  of  the  structure  will  be  by  DPG 
personnel . 

8)  All  safety  and  operating  procedures  will  comply  with 
DPG  regulations.  All  onsite  BCD  personnel  will 
follow  DPG  safety  regulations  and  will  observe  all 
area  access  limitations  as  required  by  DPG.  BCD 
will  prepare  a  draft  of  heater  operating  procedures 
for  DPG. 

9)  During  test  operations,  24  hours  a  day  monitoring  will 
be  required  and  therefore  overtime  security  and 


operations  win  be  requied  from  DPG  personnel.  BCD 
personnel  will  require  on-site  access  in  order  that 
a  BCD  staff  person  is  on  site  at  all  times  during 
operations.  It  is  anticipated  that  during  test 
operations  the  BCD  crew  will  be  limited  to  3  persons 
(1  woman  and  2  men).  These  three  people  will  require 
housing  at  Dugway.  Additional  staff  may  be  required 
during  construction  phases  but  on  site  housing  is  not 
essential  for  this  period. 

.10)  All  sample  handling,  sample  analyses,  and  data  handling 
by  DPG  personnel  will  be  observed  by  on-site  field 
personnel  from  BCD.  Any  questions  regarding  methodology 
or  safe  operating  procedures  by  BCD  personnel  will 
be  directed  to  the  on-site  DPG  field  manager. 

1.6  Calibrations  and  Quality  Assurance 

In  addition  to  the  above  listed  general  limitations  and 
responsibilities,  specific  actions  related  to  Quality  Assurance  will 
be  required  as  follows  with  responsibility  in  parenthesis: 

•  Maintenance  calibration  records  of  all  flow  devices 
for  air  heater  operations  (BCD) 

•  Maintenance  of  records  of  all  HD  spike  preparations 
(DPG) 

•  Maintenance  of  pre/post  calibrations  of  temperature 
readouts  (DPG) 

•  Maintenance  of  calibration  records  of  air  sampling 
instruments  (DPG) 

t  Analyses  of  necessary  internal  spikes,  and  split 
samples  for  laboratory  quality  control  (DPG) 

•  Maintenance  of  log  books  during  testing  operations 
(BCD  and  DPG) 


•  Validation  checks  of  Real  Time  Monitoring  data 

accuracy  (data  point  checked  pretest)  and  chronometer 
accuracy  (time  record  checks  daily)  (DPG). 

It  Is  planned  to  have  a  QA  representative  from  BCL  review  specific 
procedures  prior  to  test  operations.  The  representative  will  be  onsite 
during  testing  and  analysis.  All  DPt»  records  will  be  reviewed  internally 
by  required  OPG  personnel  before  final  release.  Records  of  any  corrective 
action  will  be  noted  and  Included  ir  a  final  report.  Records  and  data 
collected  by  BCD  during  on  site  operations  will  be  made  available  to 
DPG  personnel  as  required.  Copies  of  all  data  and  calibration  records 
will  be  collected  and  stored  at  the  Battel le  Denver  Operations  Office 
except  original  BCD  laboratory  notebooks  which  will  be  filed  by  the 
Columbus  Records  Management  Office. 

1.7  Temporary  Cheocial  Exclusion 

The  chamber  area  will  require  temporary  chemical  exclusion 
of  1  working  day.  Agent  diluted  for  spiking,  will  be  taken  from  the 
chemical  laboratory  to  the  test  area  and  added  to  the  test  coupons. 

The  unused  chemical  will  be  returned  to  the  laboratory  the  same  day. 
Alternatively,  the  coupons  may  be  spiked  in  the  laboratory  but  the 
floor  spill  solutions  will  still  require  transport  and  delivery  onsite. 

1.8  Safety 

Dugway  will  be  responsible  for  on  site  safety  during  operation 
of  the  test.  Battel le  will  provide  necessary  burner  operating  guides 
with  safety  instruction  to  Dugway  operating  personnel. 

2.  Supplies  and  Facilities 

2.1  Furnished  by  Ougway 

The  following  supplies,  materials,  and  facilities  will  be 
supplied  by  Ougway  in  support  of  this  project. 


2.1.1  Test  Facility 


The  test  facility  provided  by  Dugway  will  consist  of 
one  of  the  chambers  in  Bldg.  3008.  The  test  will  require 
access  to  the  control  room  for  monitoring  purposes,  use  of 
decontamination  facility  for  spiking  and  sampling,  bench  work 
area  for  coupon  spiking,  power  for  operation  of  burner  and 
monitoring  system,  filter  ventilation  of  exhaust  air,  optional 
use  of  mobile  conditioning  unit  (MCU)  for  periods  of  spiking 
through  cooldown,  GP-DAS  data  system  and  any  required  support 
facilities.  In  addition,  facilities  for  moving  the  test 
structure  into  the  chamber  will  be  required  as  will  parking 
access  for  the  propane  fuel  tank  outside  the  test  chamber. 
Installation  of  thermocouples  wiring  will  be  by  OPG. 
personnel.  Facilities  will  be  included  for  access  to  the 
structure  through  a  door.  This  door  will  be  sealed  with 
fiberfax  and  clamps  during  test  operations. 

The  test  structure  will  require  that  a  bed  of  soil 
be  placed  under  the  building.  This  soil  should  be  local  soil 
and  can  be  loaded  by  a  front  end  loader.  No  compaction 
requirement  is  specified  nor  is  aggregate  size  a  particular 
concern  though  large  rocks  should  be  avoided  in  order  to  allow 
soil  sampling.  Provisions  for  soil  sampling  through  the  support 
structure  will  be  required  also.  Both  loading  of  soil  and 
sample  access  will  be  provided  by  DPG. 

2.1,2  Spiking  System 

The  Battel 1e  test  facility  will  receive  HD  spiked 
coupons  on  four  vertical  walls.  The  floor  of  the 
structure  will  receive  two  spill  simulated  spikes  by 
means  of  a  syringe  type  of  device.  The  coupons  will 
be  placed  in  specially  designed  holders  on  each 
surface.  The  spills  will  be  applied  to  confined 
areas  of  the  floor.  The  floor  spikes  will  consist  of 
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two  replicated  deliveries  to  designated  areas  of  the 
floor.  Concrete  caulking  ridges  around  the  spill 
area  will  prevent  spillage  into  adjoining  area. 

The  concentration  levels  for  each  coupon  spike  should 
be  95  mg  of  HD  per  5"  x  5"  coupon.  For  the  spill  deliveries 
this  amount  is  multiplied  by  the  area  factor  to  provide  1520 
mg  of  HD.  Dugway  personnel  will  design,  fabricate  and  operate 
the  agent  spike  system  as  required.  Dugway  personnel  will 
administer  the  spike  solution  to  each  coupon  and  floor  and 
will  be  responsible  for  placement  of  each  coupon  in  the  test 
structure. 

2.1.3  Sampling  Tests 

The  sampling  tests  will  include  4  sampling  programs 
each  of  which  includes  a  number  of  different  methods.  Each 
of  the  four  are  described  in  the  attached  Appendix  A  of 
Attachment  A..  It  is  assumed  that  all  sampling  will 
be  conducted  by  Dugway  personnel  using  methods  agreed  to 
be  accepable  by  both  Battel le  and  Dugway  management. 

2.1.4  Samplr  Safety 

Since  all  sampling  will  be  conducted  by  Dugway  personnel, 
any  necessary  Dugway  safety  equipment  will  be  supplied  by 
Dugway  P.  G.  Battel le  will  maintain  an  operations  engineer 
and/or  a  field  site  manager  on  site  at  all  times.  These 
personnel  will  be  monitoring  the  test  operations  and  will  comply 
with  all  Dugway  safety  requirements.  It  is  assmed  that  any 
respiratory  or  protective  clothing,  required  will  be  supplied 
by  Dugway.  Battel le  will  supply  its  own  safety  shoes, 
safety  glasses,  and  hearing  protection  if  required. 


2.1.5  Decontamination 


Dugway  will  supply  all  necessary  decontamination  for 
personnel  involved  in  sampling  using  the  available  decon  change 
house. 

The  Battel le  structure  may  require  decontamination 
by  Dugway  personnel  and  this  may  be  by  either  solution 
cleaning  on  site  or  disassembly  and  disposal. 

2.1.6  Agent 

Agent  will  be  supplied  as  a  solution  of  HD.  It  is 
understood  that  the  agent  is  currently  in  a  thickened  state 
and  it  may  be  necessary  to  distill  the  material  prior  to  use. 
Agent  solution  will  be  made  using  an  appropriate  folvent  as 
defined  by  Dugway  SOPs.  The  solvent  should  be  compatible 
with  the  delivery  system  and  also  should  be  volatile 
enough  to  allow  drying  after  wetting  the  surface. 

The  surfaces  will  be  either  concrete  or  steel  and  will  be 
painted  or  unpainted.  Reaction  with  painted  materials  should 
be  minimized.  Concentrations  will  be  at  workable  levels  as 
defined  by  Dugway  regulations  but  total  concentrations  should 
be  designed  to  simulate  a  contaminated  building.  All 
control  of  agent  solutions  will  be  by  Dugway  but  a  written 
record  report  of  concentrations  and  total  mass  as  delivered 
in  spiking  operations  will  be  required  by  the  Battelle  on-site 
field  manager.  At  no  time  will  Battelle  personnel  be  involved 
in  agent  handling  or  transfer, 

2.2  Support  Equipment  Furnished  by  Battelle 

The  following  support  and  equipment  will  be  furnished  by  Battelle 
Columbus  Laboratories. 
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2.2.1  Personnel 


A  minimum  number  of  technical  personnel  will  be  required 
onsite  at  Dugway  before,  during  and  after  the  test.  The 
following  levels  of  personnel  have  been  identified  as  required 
for  operation  of  this  program: 

•  Senior  Engineer  -  responsible  for  design, 
construction  and  checkout  of  test  structure 
system 

•  Field  Test  Manager  -  responsible  for  communication 
with  Dugway  personnel,  management  of  on-site 
Battelle  personnel,  and  overseeing  all  test  operations 

•  Operators  (2  required  for  24  hour  shift  work) 
responsible  for  monitoring  of  Novel  Process 
system  during  test,  also  one  person  will  be 

on  site  for  pretest  checkout  and  the  other  for 
post  test  dismantling 

•  Technicians  -  as  required  for  construction; 
technicians  will  be  provided  prior  to  actual 
test  operations. 

•  Alternate  Engineer  -  A  person  familiar  with 
all  aspects  of  the  project  will  be  available 
for  substitution  of  the  above  personnel 
should  the  need  occur. 

•  Onsite  Quality  Assurance  observer  to  review 
analytical  methods  and  data  record  keeping. 

2.2.2  Test  Structure 

The  design  of  the  test  structure  will  be  provided  by 
Battelle.  The  facility  was  constructed  by  Furst  Construction 
Inc.  The  final  structure  has  been  delivered  to  Dugway  and 
final  assembly  will  be  by  DP6  personnel. 

The  facility  does  not  include  1)  the  devices  to  hold 
coupons  in  place  nor  2)  painted  surfaces.  Both  of  these  will 
be  provided  by  BCD. 


2.2.3  Heating  System  and  Fuel 


A  propane  fired  direct  type  heater  will  be  attached 
to  the  test  structure  by  Battelle  personnel  or  Furst.  The 


acquisition,  setup,  checkout  and  operation  of  this  system 
will  be  the  responsibility  of  Battelle.  The  system  will 
require  a  source  of  propane  fuel  outside  the  chamber  at  the 
required  setback  distance  (25  feet  from  the  3008).  The  fuel 
will  be  a  subcontracted  item  by  Battelle. 

2.2.4  Controls 

Controls  for  the  heating  system  and  thermocouple  inputs 
(30-50)  for  monitoring  the  test  structure  will  be  provided 
in  the  construction.  In  addition  various  system  pressures 
will  be  monitored  by  Magnehelic  type  devices  and  some  provision 
for  monitoring  and  controlling  the  fuel  supply  should  be 
included  in  the  fuel  handling  system.  The  controls  for  the 
chamber  and  its  support  systems  including  the  MCU  if  used  will 
be  the  responsibility  of  Dugway  personnel  and  In  no  way  will 
Battelle  attempt  to  overlay  any  control  system  on  the 
Dugway  system  of  operation  of  the  facility. 

3.0  Test  Procedures 

The  following  outline  of  test  procedures  is  proposed. 

All  procedures  will  require  review  by  Dugway  and  are  subject  to 

revision  as  necessary  to  meet  Dugway  operating 

procedures. 

3.1  General  Procedures 

The  overall  general  purpose  of  the  test  procedures  is  to 
provide  representative  information  on  1)  the  amount  of  HD  spike 
in  the  test  structure,  2)  the  background  matrix  of  the  test 
structure,  3)  the  temperature  profiles  in  the  various  test 
materials  4)  the  operation  characteristics  of  the  Novel  Process 
Decontamination  System,  and  5)  the  level  of  decontamination 
achieved  in  the  process. 


3.2  System  Preparation 


A  building  with  a  heater  unit  attached  on  a  separate  base 
will  be  built  in  Salt  Lake  City  and  delivered  to  Dugway  on  one 
or  two  flat  bed  trucks. 

Dugway  will  be  responsible  for  final  assembly  of  the  system. 
Final  assembly  will  include: 


1)  unloading  the  truck(s) 

2)  Filling  the  structure  base  with  local  soil 

3)  Setting  the  building  on  the  base 

4)  Repairing  damage  caused  by  transport  (if  any) 

5)  Moving  the  building  Into  the  chamber  and  blocking 
wheels  on  structure  (if  used) 

6)  Connecting  ductwork  between  the  test  structure  and 
the  exhaust  fan 

7)  Connecting  duct  work  for  the  MCU  if  used  and  any 
required  baffling  or  containment 

8)  Connecting  thermocouples  to  data  logger  and 
demonstrating  operation  and  identification  of 
all  thermocouples 

9)  Placing  combustion  control  panel  in  control  room 
and  connecting  controls  to  burner 

10)  Checking  out  blower  and  combustion  controls 

11)  Installing  LPG  piping  and  storge  tank 

12)  Hooking  up  Instrument  air  supply  if  necessary 
for  burner  operation  (not  needed) 

13)  Checking  operation  of  temperature  control  on 
burner.  Correcting  if  necessary 

14)  Checking  setting  on  barometer  damper  (0.5  in) 
and  correcting  if  necessary 

15)  Checking  in  leakage  Into  test  building.  It  should 
be  less  than  50  cfm  at  0.2  inch  negative  pressure 

16)  If  necessary  recaulking  bu  lding  (caulking  specified 
by  BCD) 

17)  Setup  of  air  monitoring  instrument  in  chamber  and 
air  sampling  system  in  exhaust  duct. 


3.3  System  Checkout 


The  system  win  be  checked  out  to  verify  that  all  systems  are 
operating  properly.  As  a  minimum  the  following  checks  will  be 
made: 

3.3.1  Flames  and  Pressures 

a.  Test  structure  pressure  control  by 
barometric  damper.  Set  to  0.5  in.  H2O 

b.  Cooling  air  damper  opens  and  closes  on  signal 

c.  Exhaust  flow  meter 

d.  Combustion  blower  fan  and  gauge 

e.  Combustion  air  flowmeter 

3.3.2  Combustion  System 

a.  Heat  control  valve  operates 

b.  Oven  temperature  safety 


3.4  Sampling 

Field  sampling  will  include  a  total  of  5  test  methods  and  4 
test  periods.  As  described  earliers  there  will  be  a  variety  of 
building  materials  including  poured  concrete,  solid  block  concrete 
steel  walls,  and  soil.  Air  samples  and  sample  test  coupons  will 
be  Included.  Air  sampling  will  be  in  the  exhaust  stream  during 
the  test  and  in  the  chamber  when  agent  is  present.  The  filter 
inlet  may  be  monitored  if  required  by  Ougway  but  this  information 
is  not  required  by  Battel le. 

3.4.1  Test  Methods 

The  test  methods  include  1)  wipe  samples  2)  subsurface 
drilling,  3)  soil  samples  using  Tee  type  samplers,  4)  coupon 


collection,  and  5)  air  sampling.  The  surface  wipe  samples 
have  been  validated  by  Battel le  using  concrete  coupons  and 
neat  HD.  The  resulting  validation  SOPs  are  included  in  the 
reference  for  task  1,  subtask  3  report  (1986)  on  this  project 
(Attachment  A).  A  final  SOP  for  each  method  will  be  prepared 
in  format  necessary  for  Dugway  using  the  techniques  described 
in  the  Battel le  methods. 

The  soil  sampling  will  be  horizontal  borings  of  the 
underlying  test  structure  soil  using  a  standard  tee  type  soil 
sampler  furnished  by  Dugway.  These  samples  will  be  collected 
in  clean  glass  containers  and  then  extracted  and  analyzed  by 
a  method  similar  to  the  soil  SOP  developed  by  Battelle. 

Coupons  will  be  included  to  simulate  volatilization 
of  agent  from  various  materials.  The  coupons  will  be  analyzed 
following  the  decontamination  test.  Each  coupon  will  be  retrieved 
and  placed  back  in  its  original  container.  A  specific  SOP  will 
be  developed  by  Battelle  to  address  any  required  coupon  handling. 

The  sampling  of  air  for  HD  will  be  according  to  methods 
developed  by  Battelle  and  validated  by  Dugway.  The  specific 
requirements  for  this  project  is  that  the  concentration  of  HD 
in  the  exhaust  gas  should  be  known  at  least  every  work  shift 
during  testing  and  at  the  start  and  finish.  This  data  should 
be  made  available  to  the  Battelle  field  manager  and  the  system 
operator  as  soon  as  It  Is  available  since  the  length  of  time 
of  operation  may  be  based  on  observed  levels  of  HD  in  the 
exhaust  gas  stream.  Extracted  samples  from  the  exhaust  duct 
sampling  should  be  saved  by  storage  at  4°C  for  possible 
subsequent  analysis  of  6C/MS  for  breakdown  products. 

3.4.2  Test  Periods 

The  following  four  test  periods  are  defined  with 
requirements  for  samples. 
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3. 4. 2.1  Background  Sampling 

The  Battelle  structure  will  require  background 
sampling  to  establish  a  baseline  for  sample  collection. 

The  samples  to  be  collected  (Sampling  procedures  are 
detailed  In  Appendix  A  of  Attachment  A)  will  Include 
the  following: 

•  surface  wipes  including  the  structure 
floor  and  four  walls  will  be  collected. 

It  is  planned  to  have  each  wall  half  painted 
and  half  bare  with  a  wipe  of  each  type  thus 
requiring  a  total  of  10  wipe  samples  (Includes 
2  floor  wipes) 

•  subsurface  samples  using  a  hand  drill  and 
collecting  the  dust.  Each  of  the  painted  and 
unpainted  floor  surface  will  be  sampled  and 

5  holes  approximately  H  to  1  inch  deep  will 
be  required  for  each  sample.  A  total  of  2 
composited  floor  samples  will  be  collected  and 
each  hole  will  be  plugged  after  sampling  using 
quick  setting  concrete  mix  or  caulking 

•  Samples  of  the  underlying  soil  bed  will  be  taken 
horizontally  at  two  locations  using  a  tubular 
sampler. 

•  Photographs  will  be  taken  of  the  complete  structure 
along  with  designated  sampling  locations  (minimum 
20  photographs). 

3. 4. 2. 2  Pretest 

The  preparation  of  test  coupons  will  consist  of 
delivering  the  95  mg  of  HO  to  each  of  18  coupons. 

The  coupons  will  be  provided  by  Battelle  and  will 
include  the  following  types: 
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•  painted  steel  5"  x  5" 

e  unpainted  steel  5"  x  5" 

•  painted  cement  5"  x  5" 

•  unpainted  cement  5"  x  5" 

•  unpainted  cement  5"  diameter 

Of  the  above,  1  of  each  type  will  be  returned  to  the 
laboratory  as  a  pretest  sample.  The  remaining  spiked 
coupons  will  be  placed  In  the  test  structure  as  follows: 

•  unpainted  steels  on  unpainted 
steel  wall  (1  coupon) 

•  painted  steels  on  painted  steel 
wall  (1  coupon) 

•  each  painted  in  each  of  3  non-metal 
walls  (3  coupons) 

•  one  painted  with  spike  face  towards 
poured  cement  wall  (painted  section) 

•  each  unpainted  in  each  of  3  non 
metal  walls  (3  coupons) 

•  two  unpainted  with  spike  faces 
towards  two  non-metal -non  painted 
walls 

•  one  unpainted  coupon  in  hole  in 
poured  floor  (5M  diameter) 

•  one  unpainted  on  surface  of  unpainted 
floor 

•  one  painted  on  surface  of  painted  floor. 

Each  wall  and  the  floor  will  include  unspiked  coupons  one 
painted,  one  unpainted  to  act  as  deposition  coupons.  The 
test  program  will  use  a  total  of  32  coupons,  14  of  which 
are  spiked  and  placed  in  the  structure,  4  of  which  are 
spiked  and  analyzed  as  pretest  samples,  10  of  which  are 
blank  coupons  exposed  to  decontamination  and,  4  of  which 
are  unexposed  blanks  for  background  only. 


In  addition  to  the  coupon  tests  two  simulated  floor  spills 
will  be  included.  These  will  be  administered  to  a 
400  in2  area  of  the  floor  (both  painted  and  unpainted) 
by  means  of  a  syringe  type  delivery.  The  amount  of  HD 
should  be  at  least  1520  mg  but  volume  can  be 
adjusted  for  ease  of  delivery  and  handling  by  diluting 
with  solvent.  The  solvent  should  be  hexane.  The  delivery 
will  be  administered  to  the  prescribed  area  and  allowed 
to  evaporate  dry.  The  syringe  barrel  and  needle  will  be 
solvent  rinsed  and  the  rinse  will  be  analyzed  to  verify 
percent  delivery  of  agent  to  each  floor  test  area. 

3. 4. 2. 3  Air  Monitoring 

After  the  application  of  the  spike  it  will  be 
necessary  to  continuously  monitor  the  air  environment  around 
the  test  facility  for  agent.  Specifically  the  monitoring 
will  include  the  following: 

•  Chamber  atmosphere 

t  Exhaust  stream  from  test  structure 
during  heating 

•  Air  Inside  test  structure  prior  to 
any  required  entry. 

•  Air  under  floor  of  test  structure 

The  chamber  and  exhaust  gas  monitoring  will  be  required 
at  intervals  throughout  the  actual  test.  The  structure 
environment  will  need  to  be  monitored  only  prior  to  any 
entry  to  the  structure. 

For  the  chamber  atmosphere  a  bubbler  may  be  used. 

For  hot  exhaust  stream  from  the  structure  bubbler 
and/or  a  ACAHS  may  be  used.  Inside  air  sampling  may  be 
by  bubbler  method  or  other  specified  by  DPG  safety 
requirements.  The  air  under  the  floor  may  be  monito*^ed 
by  a  bubbler. 


In  actual  testing  operations  the  exhaust  level  of  HD 
should  be  measured  at  least  once  per  work  shift.  It  is 
also  necessary  to  monitor  this  stream  when  the  experiment 
is  started  and  terminated.  The  facility  will  be  considered 
decontaminated  if  two  consecutive  readings  concur  that 
(1)  the  minimum  detectable  level  (MDL)  of  HD  is  present 
and  (2)  the  minimum  temperature  requirements  have  been 
achieved.  At  this  time  the  facility  is  to  be  cooled  using 
ambient  air.  Monitoring  should  continue  at  least  2  more 
times  during  cooldown. 

3.4.2.4  Post  Test  Sampling 

After  the  structure  is  adequately  cooled  (at  least 
2  days),  an  air  monitoring  test  will  be  conducted  inside 
the  structure  to  assure  that  the  levels  are  consistent 
with  a  minimal  risk.  At  that  time,  post  test  sampling 
will  be  conducted  in  a  manner  similar  to  that  described 
for  3.4. 2.1.  During  post  test  sampling  it  will  also  be 
required  that  samples  of  any  solid  material  such  as 
blistered  paint  products  or  corrosion  dust  which  are 
deposited  on  the  floor  be  sampled  by  scooping  into  glass 
vials.  All  coupons  will  be  collected  and  placed  in 
individual  sample  boxes.  Photographs  of  the  test  structure 
Interior  at  post  test  along  with  condition  of  each  set 
of  coupons  upon  collection  should  be  provided  by  DPG 
(minimum  20  photographs). 

3.4.3  Sample  Control  and  Supplies 

All  samples  will  be  collected  by  Ougway  pesonnel. 
Containers  can  be  supplied  by  Battel le  along  with  any  necessary 
tools  or  special  equipment.  All  air  sampling  and  monitoring 


equipment  should  be  provided  by  Dugway  but  if  necessary  equipment 
can  be  provided  by  Battelle.  Solvents  would  be  more  conveniently 
supplied  by  Dugway  but  for  all  sampling  operations  a  minimum 
of  spectro  grade  or  better  is  required.  Appropriate  solvent 
blanks  will  be  taken  during  each  test  program. 

All  samples  will  remain  in  the  control  of  Dugway  personnel 
though  Battelle  on  site  personnel  should  be  permitted  to  observe 
sampling  unless  prohibited  by  safety  regulations.  Data  from 
analyses  will  be  reviewed  simultaneously  by  Battelle  and  Dugway 
before  release  and  both  will  need  to  agree  to  release  data 
prior  to  preparation  of  a  final  report.  Battelle  will  supply 
necessary  sample  record  sheets,  sample  identification  numbers, 
container  labels,  and  analytical  travelers  for  reporting. 

Any  chain  of  custody  or  sample  control  will  be  the  responsiblity 
of  Dugway  personnel  and  a  traceable  record  should  be  available 
for  each  sample  for  data  validation. 

3.5  Test  Chamber 

The  operation  of  the  3008  Chamber  will  be  by  Dugway  personnel. 

The  conditions  to  be  simulated  are  normal  environmental  conditions; 
constant  air  temperature  with  humidity  monitored. 

3.6  Chamber  Systems 

The  operation  of  Chamber  Systems  will  be  by  Ougway  personnel. 

These  will  include  the  following: 

•  Hodeular  conditioning  system 
t  Air  filtration  system 

•  Data  collection  system. 

These  systems  will  have  to  be  checked  out  after  installation  of 
the  planned  operations. 
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3.7  Novel  Process  Operation 


The  operation  of  the  Novel  Process  Thermal  Decontamination 
system  Mill  be  by  personnel  from  Dugway.  One  Battel le  observer 
will  be  available  at  all  times  during  the  test  operations.  During 
the  setup  and  checkout,  two  Battel le  engineers  will  be  onsite  to 
assemble  and  demonstrate  the  operation  of  the  system. 

3.8  Kovel  Process  Systems 

All  controls  for  the  burner  will  be  provided  by  the  contractor. 

It  is  planned  to  h?ve  a  Battel le  engineer  on  site  to  monitor  critical 

operations  during  test  operations.  Any  functions  which  are  critical 

to  safe  or  continuous  operation  may  be  alarmed  to  alert  the  OPG 

operators  of  possible  problems.  A  SOP  for  burner  operation 

wili  be  provided  by  Battel le  and  the  plan  will  include 

« 

shutdown  procedures. 

3.9  Test  Schedule 

A  tentative  test  schedule  is  shown  in  Figure  1.  The  schedule 
has  been  planned  around  a  tentative  May  4,  1987  test  date  with 
completion  of  the  program  within  3  weeks.  A  definition  of  each 
task  is  included  below. 


3.9.1 


Setup  -  1}  filling  soil  and  installing  soil 
sampling  ports 

2)  hook  up  of  thermocouples  and  monitors 

3)  installation  of  air  monitoring  systems 

4)  setup  of  fuel  delivery  system 

5)  installation  of  cooling  system  -  dilution 
air 

6)  installing  test  coupon  holders  in  test 
structure 


7}  installation  of  test  structure 
8)  setup  of  data  collection  system 


Note:  Setup  tasks  my  be  completed  earlier  than  dates 
specified. 

3.9.2  Checkout-  l)operation  of  direct  fired  heater 

2) operation  of  cooling  systems 

3) operation  of  data  collection 

4) identifi cation  and  replacement  or 
repair  of  malfunctioning  monitors 
in  system 

5}setup  decon  system. 

6)ca1ibration  checks 


m 


3.9..1 


3.9.4 


Background 

Sample-1)  pretest  background  air  sample  test 

2)  collection  and  analysis  of  sample  as 
described  in  3.4.2. 1 

3)  photographing  of  sampling  operations 

and  structure  interior  (approx.  20  photos) 

Spike  -1)  review  of  safety  operations 

2)  cheek  of  supplies  for  test 

3)  delivery  of  spike  solutions  to  test 
chamber 

4)  setup  temporary  chemical  exclusion 

5)  test  air  monitoring  systems 
3)  deliver  spikes  to  coupons 
7}  fill  spill  delivery  system 
8)  return  any  unused  solutions 


3 


w 


9 


3S 


3.9.5  Pretest-1)  monitor  structure  air  prior  to  entry  $ 

Vi 

2)  place  coupons  in  designated  places  ^ 

3)  deliver  floor  spill  samples  to  designated 

spots  g 

4)  collect  blank  and  pretest  samples 

5)  seal  and  insulate  structure  door  »V 

6)  inventory  of  samples  collected  delivered 


to  Battel le  Test  Manager 


7)  return  blank  coupons  and  pretest  samples 
to  laboratory 

3.9.6  Analysis-1)  Dugway  laboratory  provides  initial 

screening  of  HD  to  verify  contamination 
of  structure 

2)  final  check  of  all  systems  operations 

3)  validation  of  data  collection  system. 


3.9.7 


Test  -  1)  perform  thermal  decontamination 

2)  collect  manual  data 

3)  collect  real  time /♦ata  by  data  acquisition 

4)  monitor  operation  of  heater  system 

5)  monitor  exhaust  gas  concentration  of 
HD 

6)  shut  down  heating  system  when  two  consecuti 
exhaust  air  monitor  reports  are  below 

MDL  (.0C3mg/m3)  and  all  thermocouple 
points  (#’$  1-9,  11-27,  43,  44,  45, 

54,  55  from  Agent  Test  Module  Drawings) 
of  the  test  structure  are  at  least 
300  °F  for  a  minimum  of  one  hour. 


3.9.8  Cooldown  -  1)  switch  to  cooldown 

2)  monitor  system  by  real  time  data 
acquisition  (automated) 


3.9.9  Sample  - 


1)  monitor  structure  air  prior  to  entry 

2)  collect  post  test  samples  (3. 4. 2. 4) 

3)  deliver  samples  to  Dugway  lab 

4)  provide  inventory  of  samples  to 
Battel lc  field  manager 

5)  Photograph  interior  of  structure  and 
all  collected  coupons. 

6)  Calibration  checks. 


3.9.10  Cleanup-  1)  decontaminate  structure  with  liquid  decon 

solution  if  required 

2)  remove  test  structure 

3)  disassemble  structure 

4)  dispose  of  material  as  required. 

3.10  Decontamination 

All  decontamination  will  be  provided  by  Dugway.  The 
following  may  require  decontamination. 

•  personnel  taking  samples 

•  test  structure  after  thermal  decontamination  test 

•  any  sampling  or  spiking  systems  exposed  to  agent 

•  the  test  facility  if  agent  vapors  are  detected 
outside  the  test  structure 

•  all  ducting,  insulation  and  ancilliary  support 
equipment. 

3.11  Decontamination  supplies 

Supplies  for  decontamination  will  be  furnished  by  Dugway. 

The  change  out  house  associated  with  the  facility  will  be  made 
available  and  useable  for  sampling  personnel  during  the  pretest 
and  the  post  test  sampling.  Backup  decontamination  will  be  supplied 
as  required. 

3.12  Backup  Oecon  Facilities 

Additional  facilities  for  decontamination  will  be  provided 
as  required  by  Ougway  safety  regulations.  Decontamination  will 
be  for  HD  only. 


3.13  Monitoring  of  Test  Chamber 

Samples  of  the  test  chamber  (both  the  chamber  and  the  test 
structure)  atmospheres  will  be  monitored  by  Dugway  using  appropriate 
methods  as  required.  These  two  monitoring  stations  are  primarily  for 
safety  purposes.  The  exhaust  of  the  test  structure  will  be  monitored 
at  least  every  day  shift  during  the  test  as  a  measurement  of  the 
decontamination  products  and  also  at  the  start  and  finish  of  the  test 
for  Indication  of  initial  and  final  HD  concentrations,  (continuous  1  hr.) 

3.14  Change  House 

The  change  house  will  be  operated  for  use  of  Dugway 
sampling  personnel  during  the  pre-test  and  post-test  sampling.  It 
is  estimated  that  approximately  one  day  will  be  required  for  each 
sampling  period  but  a  reserve  day  may  be  included  as  required.  During 
test  operations  the  change  house  should  be  available  for  any  emergency 
or  repair  activities  but  no  sampling  is  planned  for  the 
actual  test  period. 

3.15  Operator  Training 

For  the  operations  of  the  direct  fired  heater  system, 
training  will  be  conducted  onsite  by  a  Battel le  engineer.  The  trained 
operators  will  be  responsible  for  overall  system  operations  and 
maintenance  records. 

Operators  of  the  3008  system  and  the  GP-DAS  data 
collection  systems  (Dugway)  will  be  trained  according  to 
Dugway  procedures. 

Sample  team  members  (Dugway  personnel)  will  be  provided 
with  SOPs  for  collection  of  each  sample  type  along  with  a  list 
of  samples  to  be  collected.  These  SOPs  will  have  been  jointly 
approved  by  USATHAHA,  Dugway  Chemistry,  Operations,  and  Safety 
departments  along  with  the  Battel le  on  site  manager,  and  project 
manager.  Prior  to  spiking,  a  practice  sample  spiking  with  solvent 


win  serve  as  a  training  exercise.  All  items  related  to  safety 
and  decon  will  be  specified  by  Dugway.  The  methods  of  collection, 
labeling,  and  analyses  will  be  mutually  agreed  between  Battelle 
and  Dugway.  An  on-site  :est  field  manager  from  Battelle  will 
observe  all  sampling  (without  entry  into  contaminated  area)  and 
will  provide  consultation  es  required. 

3.16  Agent  Transfer 

All  handling  of  HD  agent  solution  will  be  by  Dugway  personnel 
Agent  handling  will  include  the  following: 

•  distillation  of  ?gent 

•  preparation  of  spiking  solutions 

•  labeling  and  record  keeping 

•  transport  of  agent  to  test  location 

•  design  and  operation  of  floor  spill  delivery  method 

•  spiking  of  test  coupons  placement  and  recovery  of  all 
spiked  test  coupons 

•  placement  and  recovety  of  al1  spiked  test  coupons 

•  transport,  of  unused  solutions  and  collected  samples 
to  laboratory 

At  no  time  will  Battelle  personnel  be  involved  with  agent  transfer 
activities. 

3.17  Test  Procedure 

After  finalization  of  a  Test  Plan,  specific  test  procedures 
will  be  provided  in  a  format  as  specified  by  Dugway.  Battelle 
will  provide  the  following  test  procedures. 

•  collection  and  analysis  of  soil  samples 

•  collection  of  surface  wipe  samples 

t  placement  and  collection  of  test  coupons 


•  analysis  of  test  coupons 

•  operation  of  the  direct  fired  heater  systems 

•  methods  for  high  temperature  exhaust  air  sampling 

•  requirements  for  test  operations 

The  necessary  operating  procedures  for  the  3008  chamber 
will  be  provided  by  Dugway  to  their  personnel.  A  standard 
Operating  Plan  will  be  developed  by  the  DPS  test  officer. 

3.18  Contaminated  Waste 

The  test  structure  can  be  decontaminated  with  an  appropriate 
decontamination  solution  while  in  the  chamber  and  then  moved  outside 
if  necessary.  The  material  may  be  stored  on  site.  If  necessary 
the  structure  could  be  demolished  and  disposed  as  required.  The 
support  materials  such  as  insulation  will  require  on-site  disposal. 

An  estimate  of  the  total  materials  will  be  provided  in  the  final 
test  structure  design  report. 

3.19  Safety 

All  safety  directives  will  be  according  to  Dugway  operating 
procedures.  8attelle  personnel  will  receive  briefings  as  required. 
Medical  records  of  Battel le  personnel  will  be  provided  if  required. 
All  Battelle  on-site  safety  will  be  coordinated  through  the  Field 
Site  Manager  who  is  an  industrial  hygienist.  Any  questions  regarding 
questionable  activities,  liability  or  other  safety  related  issues 
will  be  directed  to  the  Battelle  Safety  Officer  in  Columbus,  Ohio. 

3.20  Protective  Equipment 

Battelle  will  provide  its  personnel  with  safety  shoes, 
safety  glasses,  and  hard  hats  if  required.  Safety  equipment  related 
to  accidental  agent  exposure  should  be  provided  by  Ougway  according 
to  their  procedures  unless  specifically  requested  otherwise  by 
Dugway  safety. 


3.21  Security 


Battel! e  personnel  on-site  will  have  DOD  clearances  which 
will  have  been  forwarded  to  Dugway  for  site  access.  In  the  event 
that  a  Battelle  team  member  is  not  cleared,  a  cleared  Battelle 
person  will  act  as  escort.  This  will  relieve  Dugway  of  responsibility 
of  providing  continuous  escort. 

During  test  operations,  Battelle  will  maintain  at  least  one 
person  on-site  at  all  times.  In  the  event  of  the  person  needing  to 
leave  the  test  site,  a  contact  point  will  be  established  with  the  operator 
for  emergency  communications.  During  cool  down  periods,  Battelle  personnel 
will  be  provided  either  on-site  or  on  call  as  required. 

The  security  of  the  area  will  be  the  responsibility  of  Dugway. 

It  is  especially  important  that  after  spiking  of  the  test  structure, 
it  be  secured  until  completion  of  the  test  in  order  to  assure  test 
data  validity. 

4.0  Data  Requirements 

The  following  data  requirements  have  been  tentatively  identified 
as  necessary  to  the  operation  of  this  test  program.  It  may  be  necessary 
to  add  additional  inputs  so  provision  for  additional  data  should  be 
anticipated. 

4.1  Process  Monitoring 

The  following  temperatures  will  be  monitored  in  the  test  structure. 
As  a  minimum  interval,  temperatures  should  be  scanned  every  4  minutes. 

The  TC  designations  are  the  corresponding  thermocouple  numbers  from 
the  Agent  Test  Module  Drawings,  sheet  number  6. 

1)  Inside  test  structure  room  (TC  41) 

2)  Inside  test  structure  room,  second  location  (TC  42) 


3)  Inside  concrete  wall  (TC  1) 

4)  Middle  concrete  wall  (TC  2) 

5)  Outside  concrete  wall  (TC  3) 

6)  Inside  solid  block  wall  TC  11) 

7)  Middle  solid  block  wall  (TC  12) 

8)  Outside  solid  block  wall  (TC  13) 

9)  Inside  hollow  block  wall  (TC  21) 

10)  Middle  hollow  block  wall  (TC  22) 

11)  Outside  hollow  block  wall  (TC  23) 

12)  Steel  wall  (TC  43) 

13)  Steel  ceiling  (TC  54) 

14)  Steel  ceiling,  second  location  (TC  55) 

15)  Inside  6  inch  floor  (TC  8) 

16)  Outside  6  inch  floor  (TC  9) 

17)  Inside  12  inch  floor  (TC  27) 

18)  Middle  12  inch  floor  (TC  28) 

19)  Outside  12  inch  floor  (TC  29) 

20)  Bottom  soil,  6  inch  floor  (TC  10) 

21)  Bottom  soil,  12  inch  floor  (TC  30) 

22)  Duct  from  test  room  before  dilution  (TC  47) 

23)  Duct  from  test  room  after  dilution  (TC  48) 

24)  Air  to  burner  (TC  50) 

25)  Chamber  air  near  test  structure  (TC  51). 

The  temperature  data  will  require  real  time  data  acquisition  and  reduction 
(1  rain,  average).  The  output  should  include  l)  hourly  average,  2) 
maximum  and  minimum  values  in  hour,  3)  rate  of  average  change  since 
last  hour.  All  data  should  be  available  for  manual  monitoring  access. 

The  Battelle  operator  will  be  required  to  maintain  a  process  report 
during  each  shift  and  access  to  temperature  data  will  be  necessary. 

A  copy  of  the  manual  data  collection  fora  in  included  in  Appendix  A. 

In  addition  the  following  process  data  will  be  monitored. 

1)  Barometric  pressure 

2)  Pressure  in  test  chamber 


it 


3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 


Pressure  In  test  structure  (#1)* 

Pressure  In  combustion  blower  outlet  (#2) 

Pressure  drop  in  filter  systems  (DPG) 

Humidity  in  chamber  (#6) 

Flow  rate  of  air  to  burner  (#5) 

Flow  rate  of  fuel  to  burner  (Rotometer) 

Flow  rate  of  exhaust  gas  from  test  structure  (#3) 
Level  of  fuel  in  storage  (Manual) 


The  above  data  can  be  either  manually  monitored  or  collected  as  part 
of  the  real  time  monitoring.  As  a  minimum  the  above  data  should  be 
collected  every  4  hours.  Items  critical  to  operations  will  be  monitored 
more  often  and  may  be  connected  to  alarm  signal  systems  if  required. 


4.2  Agent  Monitoring 

Monitoring  for  agent  concentration  will  be  required  at  3 
locations:  the  test  chamber  atmosphere,  the  test  structure  atmosphere, 
and  the  structure  exhaust.  The  monitoring  of  the  chamber  is  for  safety 
purposes  as  it  provides  an  indication  of  contamination  of  the  chamber 
from  outgassing  of  the  test  structure.  The  test  structure  monitoring 
using  bubblers  will  be  continuous  and  will  be  used  to  determine  the 
risk  hazard  for  entry  of  personnel.  The  exhaust  stream  monitoring 
provides  an  indication  of  the  degree  of  volatilization  of  spiked  agent 
from  the  structure.  For  purposes  of  concluding  the  test,  two  consecutive 
readings  of  below  HOI  {,003  tfg/«3)  will  be  considered  as  decontaminated. 
Note  that  in  no  event  will  a  test  be  terminated  without  a  minimum  of 
one  hour  at  a  temperature  of  300°F  for  thermocouples  located  in  the 
test  structure.  A  field  data  sheet  for  air  monitoring  is  attached 
in  Appendix  B. 
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•Note:  #  designations  correspond  to  Gauge  Schedule  in  Agent  Test 
Module  Drawings,  Sheet  Number  6. 
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4.3  Analytical  Data 


Analytical  data  as  reported  by  Dugway  will  Include  results 
of  all  analyses  as  well  as  assays  of  agent  solutions  used  for  spikes. 

For  spikes,  the  concentration  of  HD  and  identification  of  the  solvent 
will  be  required.  Information  and  identification  of  each  sample  at 
each  location  will  be  recorded  on  analytical  travelers  supplied  by 
Battelle.  Example  of  travelers  for  wipe  sampling,  soil  sampling,  coupon 
sampling,  and  miscellaneous  (such  as  paint  debw1s,  or  corrosion)  sampling 
are  included  in  Appendix  C. 

4.4  Reporting 

All  data  and  analytical  results  will  be  reviewed  jointly  by 
Battelle  and  Dugway  personnel  prior  to  any  release.  Any  outlier  data 
will  be  identified  and  all  calculations  and  records  should  be  available 
in  laboratory  record  books  for  review.  Dugway  will  provide  directly 
to  the  Battelle  Program  Manager,  Dr.  W.  McNeill  (Battelle  Denver 
Operations),  the  raw  data  and  summary  reports  as  well  as  completed 
analytical  travelers  for  each  sample  collected.  The  Battelle  Field 
Manager  will  maintain  an  inventory  of  all  samples  collected  for  cross 
checking  the  reported  results.  In  the  event  of  missing  data,  records 
of  sample  receipt  by  Ougway  will  be  checked  to  verify  collection  of 
samples. 

All  final  reporting  and  data  management  will  be  performed  at 
the  Battelle  Denver  Operations  office.  Records  of  the  test  structure 
operational  data  will  be  maintained  by  the  Battelle  Field  Test  Manager 
with  copies  to  the  Battelle  Denver  Operations.  All  records  of  the 
chamber  operation  will  be  maintained  by  Dugway  with  copies  to  the  Battelle 
Denver  Operations.  All  analytical  travelers  provided  by  Battelle  in 
conjunction  with  sampling  efforts  will  be  returned  to  Battelle  Denver 
Operations.  Copies  may  be  retained  by  Ougway. 


4.5  Quality  Assurance 


For  quality  assurance  the  following  activities  are  identified 
as  essential  operations. 

1.  Records  of  calibrations  of  all  flow  measurement 
devices  such  as  dry  gas  meters  or  rotometers  will  be 
forwarded  to  the  Battelle  Denver  Operations  (BDO)  office 
for  recording. 

2.  Copies  of  lab  records  on  spike  preparations  will 
be  forwarded  to  BDO. 

3.  Calibration  records  of  air  monitoring  Instruments 
will  be  made  available  if  required. 

4.  Laboratory  analyses  will  Include  internal  spikes 

to  demonstrate  accuracy  of  analysis  and  split  samples 
for  precision  analysis.  Duplicate  samples  will  not  be 
taken  in  the  field. 

5.  Log  books  will  be  maintained  for  laboratory  analyses, 
operations,  and  Novel  Process  operations.  In  addition 
Data  sheets  will  be  used  for  data  recording  and 
Analytical  Travelers  will  be  provided  by  Battelle  for 
sample  recording.  All  data  sheets  and  log  books  will 
be  completed  in  ink  only.  Errors  should  be  crossed 
out,  initialed  and  an  explanation  should  be  included 
for  each  correction.  At  no  time  will  correction  fluid 
Or  pencil  entries  be  used  for  data  recording.  Data 
sheets  will  be  returned  to  BOO.  Log  books  will  be 
retained  by  original  organization  (Ougway  or  BCL) 

and  copies  of  pertinent  records  will  be  forwarded  to 
BOO. 

6.  Any  procedural  errors  which  result  in  the  loss  of 
significant  data  will  be  investigated  and  reported 
in  nemo  form  by  the  person  responsible  for  each 
groups  actions  -  the  Battelle  on-site  manager  or 


the  Dugway  Project  Monitor.  The  memo  should  address 
the  data  in  question,  the  cause  of  the  problem, 
action  taken,  and  any  results  which  may  be  affected. 

The  memo  should  be  addressed  directly  to  the  Battel le 
Project  Manager. 

5.0  Organization  and  Schedules 

The  Battelle  field  test  team  is  organized  under  subtask  7  of 
Task  1,  Advanced  Development  and  Field  Testing  of  Novel  Process 
Technologies  to  Decontaminate  Chemical  Agent  Contaminated  Facilities, 
Contract  DAAA15-86-D-QQ1.  Mr.  Andrew  Roach  of  USATHAMA,  Aberdeen 
Proving  Ground,  MD  is  the  project  officer.  The  overall  Battelle  Project 
Manager  is  Dr.  William  McNeill  of  the  Battelle  Denver  Operations  Office. 
The  Task  1  Leader  is  Mr.  Arne  Sandberg  also  from  8D0.  The  following 
technical  personnel  from  Battelle  have  been  identified  as  personnel 
for  this  task. 


Design  engineer 

Test  engineer 

Design  engineer 

Field  sampling  and 
operations 

On  site  field  test 
manager 

Alternate  field 
engineer 

Analytical  Liaison 
and  QA  Review 

Records  and 
Documentation 

Data  Management 


Hr.  Herb  Carlton 
Ms.  Lee  Anne  Curtis 
Ms.  Anne  Langham 
Hr.  William  Ravtns 

Mr.  Willia*  ;'Mspanen 

Mr.  Dale  Folsom 

Hr.  Tics  Hayes 

Ms.  Mary  Bergstrom 

Mr.  John  Dwyer 


An  overall  project  schedule  is  shown  in  Figure  2.  This  schedule 
addresses  the  principle  tasks  required  for  the  project.  The  schedule 


Is  not  fixed  and  is  subject  to  revision.  Any  major  changes  in  schedule 
will  be  noted  to  the  BDO  project  manager  by  memo  with  copies  to  the 
OPG  project  manager  and  the  USATHAMA  project  officer. 
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FIGURE  2-  PROPOSED  SCHEDULE  FOR  DUGVAY  NOVEL  TESTIN6 
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PROCESS  MONITORING  DATA  FORM 
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DUGWAY  PROVING  GROUND  —  NOVEL  PROCESSES 
BATTELLE  PROJECT  NO.  G8875-0101 

DATA  MONITORING,  TYPE  _ 

OPERATOR  _  DATE  _  CLOCK  TIME:  START  STOP 


DUGWAY  PROVING  GROUND  —  NOVEL  PROCESSES 
BATTELLE  PROJECT  NO.  G8875-0101 

DATA  MONITORING,  TYPE  _ 

OPERATOR  _  DATE  _  CLOCK  TIME:  START  _  STOP 


STATION  NAME 

UNITS  _ 

HOURLY 


READING 


2 

3 

5 

6 

7 

8 

9 

10 

11 

APPENDIX  B 

AIR  MONITORING  DATA  COLLECTION  FORM 


NOVEL  PROCESSES 

BATTELLE  PROJECT  NO.  G3875-0101 

AIR  SAMPLE 


SITE 

ID 

NO. 

OPERATOR 

DATE 

START: 

HR 

MIN 

STOP; 

HR 

MIN 

TEST 

PRE-TEST 

POST-TEST 

BACKGROUND 

LOCATION  OF  SAMPLER  _ 

TYPE  OF  SAMPLER  _ 

VOLUME  OF  GAS  (S.T.P.) 
SAMPLES  RECOVERED  (1) 

(2) 

(3) 

(4) 

(5) 

PROCEDURE  REFERENCE 
OBSERVATIONS:  _ 


RESULTS 
DATE  SAMPLE 

RECEIVED  _  LAB  SAMPLE  NO. 

RESULT  (1)  _ 

(2)  _ 

(3)  _ 

(4)  _ 

(5)  _ 

OBSERVATIONS :  _ 


ft 


m 


ANALYST 


DATE  REPORTED 


APPENDIX  C 

SAMPLING  AND  ANALYTICAL  TRAVELERS  FOR  NON-AIR  SAMPLES 


NOVEL  PROCESSES 

BATTELLE  PROJECT  NO.  G8875-0101 


SITE 


ID  NO. 


OPERATOR 


DATE 


PRE-TEST 


POST-TEST 


BACKGROUND 


LOCATION 


LOCATION  DRAWING: 


DEPTH  (IN)  _ 

NO.  OF  DRILLINGS  _ 

CONTAINER  TYPE/SOLVENT 


PROCEDURE  REFERENCE 


OBSERVATIONS: 


RESULTS 


DATE  SAMPLE 
RECEIVED 


LAB  SAMPLE  NO. 


RESULT 


OBSERVATIONS : 


ANALYST: 


DATE  REPORTED: 
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NOVEL  PROCESSES 

BATTELLE  PROJECT  NO,  08875-0101 


WIPE  SAMPLE 


SITE 


OPERATOR 

PRE-TEST 


ID  NO. 


DATE 


HR 


MIN 


POST-TEST 


BACKGROUND 


LOCATION 


AREA  OF  WIPE  (IN2) 

SOLVENT/VOLUME  _ 

CONTAINER  TYPE 


PROCEDURE  REFERENCE 


LOCATION  DRAWING: 


OBSERVATIONS: 


BESUL1S 

DATE  SAMPLE 
RECEIVED 

RESULT 


LAB  SAMPLE  NO. 


OBSERVATIONS: 


ANALYST 


DATE  REPORTED 


NOVEL  PROCESSES 

BATTELLE  PROJECT  NO.  G8875-0101 


SOIL  SAMPLE 

SITE  _ 

OPERATOR 
PRE-TEST 


LOCATION  _  LOCATION  DRAWING: 

DEPTH  _ 

CORE  DIAMETER  _ 

CONTAINER  TV PE  _ 

PROCEDURE  REFERENCE  _ 

OBSERVATIONS:  _ 


ID  NO. 


DATE 


HR 


MIN 


POST-TEST 


BACKGROUND 


RESULTS 
DATE  SAMPLE 

RECEIVED  _  LAB  SAMPLE  NO. 

RESULT _ _ _ 


OBSERVATIONS: 


ANALYST 


DATE  REPORTED 
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ss 


HOVEL  PROCESSES 

BATTELLE  PROJECT  NO.  G8875-0101 


SITE 


OPERATOR 


10  NO. 


DATE 


PRE-TEST 


POST-TEST 


BACKGROUND 


LOCATION 


LOCATION  DRAWING: 


TYPE  OF  MATERIAL 


SIZE 


PROCEDURE  REFERENCE 


OBSERVATIONS: 


DATE  SAMPLE 
RECEIVED 


LAB  SAMPLE  NO. 


RESULT 


OBSERVATIONS: 


R 


ANALYST: 


DATE  REPORTED: 


NOVEL  PROCESSES 

BATTELLE  PROJECT  NO.  G8875-0101 


SAMPLE  TYPE  _ 

SITE  _  ID  NO. _ 

OPERATOR  _  DATE  _  HR  _  MIN  _ 

TEST  _  PRE-TEST  _  POST-TEST  _  BACKGROUND  _ 

LOCATION  _  LOCATION  DRAWING: 

SAMPLE  MEDIUM  _ 

CONTAINER  TYPE  _ _ 

SAMPLE  ADJUSTMENTS  _ 


PROCEDURE  REFERENCE 
OBSERVATIONS:  _ 


RESULTS 
DATE  SAMPLE 

RECEIVED  _  LAB  SAMPLE  NO. 

RESULT  _  _ _ _  ^ _ 


OBSERVATIONS: 


ANALYST: 


DATE  REPORTED: 
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Study  Specific  SOP  NO. 

G8875-01 

Revised 

April  24,  1987 


OPERATIONS  FORMAT 

STANDARD  OPERATING  PROCEDURES  FOR 
NOVEL  PROOF'S  BURNER  SYSTEM 


A.  OPERATION  START-UP 

Note:  For  pre-start-up  (fuel  valve  sizing),  contact  Maxon 

distributor,  Charles  Alexander  of  Blair-Alexander  Engineering, 


Step 

No. 

OescriDtion 

Specific 

Instruction 

1. 

Purging  Furnace 

1.1 

Start  ventilation  (filter)  system 
blower.  Turn  cooling  air  damper 
switch  to  open  position. 

1,2 

Set  temperature  controller  to 
manual  and  run  gas  valve  to  zero- 
position  (min.  fire). 

1.3 

Set  high-temperature  limit 
controller  to  800°F. 

1.4 

Push  start  button,  start 
combustion  air  blower. 

1.5 

Manually  reset  high- temperature 
limit  controller. 

1.6. 

Purge  furnace  thoroughly, 
allowing  for  several  (5)  complete 
air  changes  (at  least  15  min.). 

1.7 

Change  cooling  air  damper  switch 
fo  closed  position. 

2.  Pilot  Ignition, 

Burner  Start-up 


2.1  Flip  pilot/burner  selector 
switch  to  "on". 


2.2  Push  "start  pilot"  button. 

(Pilot  will  start;  red  "flame  on’ 
will  light.) 
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Study  Specific  SOP  NO. 

68875-01 

Revised 

April  24,  1987 


2.3  Release  pilot  start  button.  (Main 
valve  opens  automatically,  main 
burner  is  on.) 

2.4  Go  to  automatic  control  on 
temperature  controller,  set 
temperature  control  to  200°F. 


Note:  In  the  event  of  flame-out,  repeat  steps  1  and  2. 

If  flame-outs  persist,  check  condition  (moisture  or  dirt)  of  UV 
scanner. 


3.  Heat-up 


3.1  When  the  temperature  of  the  test 
module  has  reached  200°F,  raise 
the  temperature  control  by  50° 
every  hour- -until  module  reaches 
400°F , 

3.2  Hold  the  temperature  at  400°F  for 
6  hours. 

3.3  Continue  raising  the  control 
temperature  by  50°  every  hour 
until  the  module  reaches  750°F; 

3.4  Hold  the  temperature  at  750°F 
until  the  end  of  the  test. 


Note:  If  steaming  occurs  within  the  test  structure  at  any  point 

during  heat-up.  hold  the  temperature  until  steaming  stops. 


4. 

Shut-down 

4.1 

Flip  pilot/burner  selector  switch 
to  "off"  position  (keep 
combustion  air  on  during  cool¬ 

down)  . 

4.2 

Shut  off  propane  feed  at  tank, 
disconnect  line. 

4.3 

Open  cooling  damper. 

Study  Specific  SOP  NO. 

G8875-01 

Revised 

April  24,  1987 
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APPENDIX  E 

RESULTS  OF  METHOD  VERIFICATION  STUDIES,  DPG 
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lugway,  Utah  Q>1n?2-5nnn 


Tim  Mayes 
BATTEILE 

Columbus  Division 
BOB  King  Ave. 
Columbus,  nhio 


Mr.  Hayes: 


Attached  are  the  results  from  the  validation  studies  you  requested 
concerning  the  building  decontamination  project.  On  April  14th  1  received 
a  package  containing  two  concrete  (one  thick,  one  thin!,  two  painted  concrete, 
one  steel,  and  one  painted  steel  coupon.  The  thin  concrete  coupon  was 
pulverized  for  the  extraction  study.  Because  I  received  so  few  samples  I 
divided  the  coupons  into  four  ?.5“  by  ?.5W  squares  by  marking  each  coupon 
with  a  pencil.  The  methods  outlined  in  your  report  were  executed  with  the 
following  exceptions: 

l)  All  extraction  and  coupon  samples  were  spiked  with  neat  HD  purity) 
to  facilitate  easy  delivery.  This  spiking  method  also  eliminated  solvent 
effects  on  the  painted  surfaces  which  resulted  in  higher  recoveries  from  the 
swab  samples. 

?)  Ten  milliliters  of  chloroform  were  used  to  extract  the  M(1  from  the  soil 
and  pulverized  concrete  samples.  The  additional  chloroform  was  necessary  due 
to  the  high  clay  content  of  Duqway  soil.  The  clay  content  may  explain  the 
lower  than  expected  recoveries  from  the  soil  extractions. 

T)  Four  Sul  drops  were  used  to  spike  each  ?.*»**  by  ’.K“  section  of  coupon. 

Thus  each  coupon  was  contaminated  with  a  total  of  8Gul  of  HD  instead  of  7Bul 
which  was  specified  in  the  report. 

4)  nyr  surety  requlatioins  require  that  two  people  be  present  during  any 
neat  agent  operation.  Because  of  this  requirement  ’  was  able  to  swab  the 
coupon  immediately  after  my  oaetnnr  spiked  the  surface,  This  procedure  also 
contributed  to  the  High  percent  recoveries  from  the. swab  samples,  which 
is  particularly  noticeable  in  the  unpainted  concrete  samples  where  recoveries 
were  very  high  in  comparison  to  your  findings. 


Brian  Thompson 
Chemical  Technology  Branch 
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TABLE  1.  Results  o£  Pulverized  Concrete  Extraction  Samples 


Sample  No. 

%  Recovery 

1-4-16 

100 

X  -  94 

2-4-16 

92 

SD  -  3.5 

3-4-16 

95 

%RSD  -  3 

4-4-16 

90 

5-4-16 

92 

Blank 

BDL 

6-4-20 

87 

X  -  89 

7-4-20 

88 

SD  »  1.7 

8-4-20 

92 

%RSD  -  3 

9-4-20 

88 

10-4-20 

89 

Blank 

BDL 

Method  Recovery  -  91% 

BDL  -  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  -  0.5  //g/g  Concrete 
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TABLE  2.  Results  of  Soil  Extraction  Samples 


Sample  No. 

1-4-16 

%  Recovery 

69 

X  - 

2-4-16 

70 

SD  - 

3-4-16 

76 

%RSD 

4-4-16 

78 

5-4-16 

79 

Blank 

BDL 

6-4-20 

78 

X  - 

7-4-20 

75 

SD  - 

8-4-20 

78 

%RSD 

9-4-20 

77 

10-4-20 

73 

Blank 

BDL 

74 
4.1 
-  5.5 


76 
1.9 
-  2.5 


Method  Recovery  -  75% 

BDL  *  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  »  0.7  //g/g  Soil 
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table  3.  Results  of  Concrete  Swab  Samples 


Sample  No. 

%  Recovery 

X  -  67 

1-4-16 

72 

2-4-16 

71 

SD  -  5.0 

3-4-16 

62 

%RSD  -  7.5 

4-4-16 

61 

Blank 

BDL 

Method  Recovery  «  67% 

BDL  -  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  »  1.2  //g/sq.  in.  Concrete 
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TABLE  4.  Results  o£  Painted  Concrete  Swab  Samples 


Sample  No. 
l-T-16 

%  Recovery 

100 

X  «  100 

2-4-16 

100 

SD  -  0.0 

3-4-16 

100 

%RSD  -  0 

4-4-16 

100 

Blank 

BDL 

5-4-20 

100 

X  -  100 

6-4-20 

100 

SD  -  0.0 

7-4-20 

100 

%RSD  -  0 

8-4-20 

100 

Blank 

BDL 

Method  Recovery  -  100% 

BDL  m  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  -  0.8  */g/sq.  in.  Painted  Concrete 
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TABLE  5.  Results  of  Steel  Swab  Samples 


Sample  No. 

%  Recovery 

1-4-16 

100 

X  « 

2-4-16 

100 

SD  - 

3-4-16 

100 

%RSD 

4-4-16 

100 

Blank 

BDL 

Method  Recovery  -  100% 

BDL  -  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  *0.8  #g/sq.  in.  Steel 
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TABLE  6.  Results  o£ 


Sample  No. 

T^frg — 

2- 4-16 

3- 4- J 6 

4- 4-16 
Blank 


Painted  Steel  Swab:  Samples 
%  Recovery 

92  X  -  96 

,100  SD  -  3.0 

95  %RSD  -  3.1 

98 
BDL 


Method  Recovery  -  96% 

BDL  •*  Below  Detectable  Limit 

Theoretical  Method  Detection  Limit  -  0.83  pg/sq.  in.  Painted  Steel 
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HOURLY  TEMPERATURE  AVERAGES  DURING  PILOT  TEST,  DPG 
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APPENDIX  F.  HOURLY  AVERAGES  OF  TEMPERATURES  RECORDED  DURING  THE 
PILOT  TEST  OPERATION,  JULY,  1987,  AT  DUGWAY  PROVING  GROUND  (DPG). 

Attatched  is  a  table  of  the  hourly  average  temperatures  of 
selected  thermocouples  in  the  test  structure  recorded  during  the 
pilot  test  (see  text  for  list  of  thermocouple  locations).  The 
data  was  gathered  continuously  by  the  GP-DAS  data  system 
provided  by  DPG.  Other  suanerized  temperature  data  is  included 
in  Volume  2  of  this  report. 

The  time  shown  in  the  table  is  in  hours.  All  thermocouple 
readings  are  in  degrees  Fahrenheit.  The  data  begins  before  the 
test  structure  is  spiked  and  continues  until  the  end  of  the 
cooldown  period.  The  “0.00”  indicates  that  the  thermocouple 
connection  was  open  during  the  entire  hour,  thus  the  readings  are 
meaningless. 


C-8  TC-t  TC-10  TC-II  TC-12  TC-13  TC-t«  TC-tS  TC-1B 
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SFIM-AEC-IEA 


DEPARTMENT  OF  THE  ARMY 

US  ARMY  ENVIRONMENTAL  CENTER 
5179  HOADLEY  ROAD 

ABERDEEN  PROVING  GROUND,  MD  21010-5401 


1  5  SEP  2006 


MEMORANDUM  TO  Mr.  Larry  Downing,  Defense  Technical  Information  Center,  8725 
John  J.  Kingman  Road,  Ft  Belvoir,  VA  22060-6218 

SUBJECT:  Downgrading  from  Limited  Distribution  to  Unlimited  Distribution 


1 .  The  following  documents  were  reviewed,  and  it  was  determined  by  our  Technical 
POC,  Mr.  Marty  Stutz,  that  the  distribution  statement  should  be  changed  from  limited  to 
unlimited  distribution. 

a.  AD  Number:  ADB073052:  Development  of  Novel  Decontamination  Techniques 
for  Chemical  Agents  (GB,  VX,  HD)  Contaminated  Facilities.  Phase  I.  Identification  and 
Evaluation  of  Novel  Decontamination  Concepts.  Volume  1. 

From  Distribution  Code  03  -  US  GOVERNMENT  ONLY;  DOD  CONTROLLED  to 
Distribution  UNLIMITED,  APPROVED  FOR  PUBLIC  RELEASE. 

b.  AD  Number:  ADB073034:  Development  of  Novel  Decontamination  Techniques 
for  Chemical  Agents  (GB,  VX,  HD)  Contaminated  Facilities.  Phase  1 .  Identification  and 
Evaluation  of  Novel  Decontamination  Concepts.  Volume  2. 

From  Distribution  Code  02  -  US  GOVERNMENT  AND  THEIR  CONTRACTORS  to 
Distribution  UNLIMITED,  APPROVED  FOR  PUBLIC  RELEASE. 

c.  AD  Number:  ADB093506:  Development  of  Novel  Decontamination  Techniques 
for  Chemical  Agents  (GB,  VX,  HD)  Contaminated  Facilities.  Phase  II.  Laboratory 
Evaluation  of  Novel  Agent  Decontamination  Concepts. 

From  Distribution  Code  02  -  US  GOVERNMENT  AND  THEIR  CONTRACTORS  to 
Distribution  UNLIMITED  APPROVED  FOR  PUBLIC  RELEASE. 

d.  AD  Number:  ADB087418:  Development  of  Novel  Decontamination  and  Inerting 
Techniques  for  Explosives  Contaminated  Facilities.  Phase  1 .  Identification  and 
Evaluation  of  Novel  Decontamination  Concepts.  Volume  1 . 

From  Distribution  Code  03  -  US  GOVERNMENT  ONLY;  DOD  CONTROLLED  to 
Distribution  UNLIMITED  APPROVED  FOR  PUBLIC  RELEASE. 

e.  AD  Number:  ADB 125304:  Pilot  Plant  Testing  of  Hot  Gas  Building 
Decontamination  Process. 

From  Distribution  Code  03  -  US  GOVERNMENT  ONLY  to  Distribution  UNLIMITED 
APPROVED  FOR  PUBLIC  RELEASE. 
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2.  The  POC  is  Ms.  Janet  Wallen,  USAEC  Records  Manager,  410-436-6317. 


FOR  THE  COMMANDER 


MAJ,  CM 
Security  Officer 
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